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IN ASSEMBLY, 



Albant, January 2, 1878. 



ANlirUAL REPOET 



OF THK 



STATE ENGINEEE AND SURYEYOR ON THE NEW 
YORK STATE CANALS, FOR THE FISCAL YEAR 
ENDING SEPTEMBER 30, 1877. 

Office of the State Engineer and Surveyor, 
Albany, December 31, 1877. 

Hon. Horatio Seymour, Jr., State Engineer and Surveyor : 

Sir. — I herewith inclose for transmission to the Legislature, the 
annual report of the State Engineer and Surveyor on the Canals of 
the State, for the year ending September 30, 1877. 

Yours, respectfully. 

JOHN D. VAN BUREN, Jr., 

State Engineer and Surveyor. 



Office of the State Engineer and Surveyor, 
Albany, January 2, 1878. 

Hon. James W. Hustbd, Speaker of the Assembly : 

Sir. — I have the honor to transmit herewith, to the Legislature, 
the annual report of my predecessor, Hon. John D. Van Buren, Jr., 
on the canals of the State, for the year ending September 30, 1877. 

Yours respectfully. 

HORATIO SEYMOUR, Jr., 

State Engvneer and Surveyor. 
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Page 60, table, 4th column: for 139,98.4, and 146.2, read 455.92, 
322.'75, and 479.54, respectively. In 5th and 6th columns omit the 
decimal marks. 

Page 61 : for 12,758,606 read 12,758,999. 

Page 62, last paragraph: omit quotation marks. 



Enqinbeb Department. 

The engineer force has been kept down to the lowest limit com- 
patible with the proper discharge of the duties imposed by law on 
the State Engineer and Surveyor. At the date of this report there 
are but three assistants of all grades employed on each of the three 
divisions of the canals; and the running expenses will be covered by 
the appropriation of $30,000 made from the ordinary repair fund. 

In 1875 the number of assistants of all grades varied from thirty- 
one to one hundred and one, and averaged about sixty per month 
employed on works of " extraordinary repairs'' — works which, for 
the moBt pai't, were not necessary to good navigation or the preser- 
vation of the canals. The reduction of the engineering force during 
the past two years is, of course, largely, but not entirely, due to the 
cessation of works of " extraordinary repairs." 

The following table exhibits the expenditures for engineering dur- 
ing the past fiscal year. 

Summary op Engineering Expenses for the Tear ending 

September 30, 1877. 



■ 


Ordinary 
repair fund. 


Cliamplain 

canal 
enlargement 


Extraordi- 
nary repair 
fnnd. 


Survey of 
Brie canal. 


Totals. 


Eastern division 

Middle division 

Western division 


$8,027 89 
8,818 86 
8,446 65 


$2,424 50 


$5,085 83 

3,684 50 

330 00 


$1,016 87 
3,401 61 
3,516 38 


$16,654 68 
18,854 46 
11,292 87 








Totals 


$35,292 89 


$3,424 50 


$8,049 82 


$5,084 70 


$41,701 91 



6 Report of the State Engineeb and Subveyor 

Of the amount expended from the extraordinary repair fund 
$2,306.50 was for surveys and examinations called for by the Attorney- 
General in connection with pending suits. 

The expenses of engineering for ij^e past six years have been as 
follows : 

1872 $110,149 33 

1873 96,184 80 

1874 .*. 104, 199 23 

1875 144 , 479^ 00 

1876 66, 240*65 

1877 41,701 91 

It will be observed that the annual expenditure has been 
$41,701.91, of which $16,409.02 was for special objects. At the 
date of this report the rate of expenditure is, as already stated, limited 
to about $30,000 per annum. 

The duties of the reduced force of engineers have been arduous. 
The following are the works upon which they have been engaged : 
completion of the survey of the Erie canal ; revision of estimates 
and preparation of plans for the enlargement of the Champlain canal ; 
completion of the Oneida Lake canal ; rebuilding bridge abutments 
and locks on the Champlain canal; the supervision of ordinary 
repairs; the making of surveys and maps for the canal appraisers ; the 
settlement of old contracts under act chapter 425, Laws of 1876, 
besides ordinary and general routine duties. 

The State Engineer and Surveyor deems it his duty, as it is his 
great pleasure, at the close of his term of office, to commend the 
engineers generally for the faithful and skillful manner in which thej 
have fulfilled their duties. It has been necessary to dispense with 
the services of many young engineers who have proved themselves, 
both in the preliminary examinations to which they were subjected 
before appointment and by faithful service afterwards, to be well 
qualified professionally, and in every respect worthy of confidence. 

It is recommended that an appropriation equal to that made last 
year from the ordinary repair fund, of $30,000, be made for the 
coming year to cover engineering expenses. 

CANALS. 

The State canals, for convenience in construction and the superin- 
tendence of repairs, ar6 divided into three divisions, eastern, middle 
and western ; each under the charge and supervision of a Canal Com- 
missioner, a division and resident engineer. 
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Eastern Division. 

Names of canals.. Miles. 

Erie canal, Albany to Utica 106.243 

Albany basin .77 

Port Schuyler and West Troy side-cut .35 

Mohawk feeder (north side), Little Falls .50 

Ohamplain canal, including Waterford side-cut, and Cohoes 

and Saratoga dams 66.00 

Pond above Troy dam 3 . 00 

Glens Falls feeder and pond 12.00 

Total miles 188.863 

The engineering of this division has been in charge of E. Sweet, 
Jr., as division engineer, and Bryant Godwin, as resident engineer. 

Middle Division. 

Names of canals. Miles. 

Erie canal, from east line of Oneida county to east line of 

Wayne county 97.02 

Limestone feeder, Erie canal to Fayetteville .80 

Butternut feeder, Erie canal to Dunlap's mills .... 1 . 55 

Camillus feeder, Erie canal to Oamillus 1 . 00 

3.35 

Oneida Lake canal, Durhamville to Oneida lake 5 . 00 

Oswego canal, Syracuse to Oswego 38 . 00 

Cayuga and Seneca canal, Montezuma to Cayuga and Seneca 

lakes 22.77 

Chenango canal, Utica to Binghamton 97. 00 

Ithaca inlet, Cayuga lake to Ithaca 2 . 00 

Baldwinsville canal, improvements to Jack's reefs 12. 50 

Seneca Eiver towing-path, Baldwinsville to Mud lock 5.75 

Oneida Eiver improvements, Oswego canal to Oneida lake, 20.00 

Black River canal 35 . 33 

Black River feeder, and pond above dam 12 . 09 

Delta feeder 1.38 

Black River improvement 42.50 

Total miles 394. 69 

Chenango extension — not in use 30 . 00 



8 Kepobt of thb State Enginbsb and Subybtob 

This division has been in charge of Oharles A. Sweet, as division 
engineer, and Denison Kichinond, as resident engineer. 

Wbstebn Division. 

Names of canals. Milaf . 

Erie canal, from east line of Wayne county to Buffalo 148.90 

Genesee Valley canal, from Rochester to Mill Grove 113.50 

Dansville branch of Genesee Valley canal 11 .00 

Genesee River feeder, at Rochester 2.25 

Genesee River feeder, at Orarael .75 

Crooked Lake canal, Seneca lake to Crooked lake 8 . 00 

Chemung canal, Watkins to Elraira 23.00 

Chemung canal feeder, Horseheads to Corning 16.00 

Total miles 323.40 



This division has been in charge of William H. Searles, as division 
engineer throughout the year, with Byron M. Hanks as resident 
engineer, until his death, May twenty-one, and Thomas Evershed, 
from June twelfth, until the end of the fiscal year. 

Obdinabt Rbpaibs. 

Ordinary repairs are executed by the superintendents, who, although 
appointed by the Canal Board, act, as a rule, under the sole directions 
of the Canal Commissioners. 

The following statements show the cost of such repairs for the three 
past years : 



By superintendents 

By Csnal CommisslonezB 
By diyision engineers . . . 



Total 



187S. 



$898,433 93 
373,059 60 



$1,166,493 61 



1876. 



$810,707 01 

196.653 94 

*8,6e4 64 



$1,016,054 50 



1877. 



$765,883 94 
53,396 80 
35,893 80 



$848,073 63 



In order to avoid confusion it must be borne in mind that the 
figures given in the auditor's financial report, do not, and generally 
cannot, agree exactly with the statements of actual expenditures for 
repairs belonging to a particular year. Some accounts belonging to 
one year are necessarily bridged over until the next ; 'temporary 
advances are made by banks to the superintendents to cover temporary 



♦Previous to June, 1876, paid by Canal Commissioners. 
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deficiencies in the revenues, which do not appear in the accounts 
until several months after they are made ; and balances remaining in 
the hands of the superintendents are included as payments. In order 
to arrive at a correct statement of the expenditures properly chargeable 
to a particular year, the items of expenditures must be examined. 
The tables in the appendix, exhibiting the cost of ordinary repairs 
done by the superintendents, to which attention is respectfully invited, 
have been carefully prepared, under the direction of the State Engi- 
neer and Surveyor, from their original abstracts, and accurately repre- 
sent the cost of such repairs, belonging to the respective years stated. 

An examination of the details of these expenditures will be of ser- 
vice in determining what further reduction in the cost of such repairs 
can be made. 

The total expenditures for ordinary repairs made by th^ superin- 
tendents for all the canals for the past fiscal year are as follows, the 
figures for the four canals which are to be abandoned at the close of 
the season of navigation in 1878, being separately stated : 



Lock tending 

Labor 

Materials 

MerchantB and mechanics. . . 

MiBcellaneous 

Clerkhire 

Superintendents for salaries 



Add allowances by auditor . . . 
Less disallowances by auditor 



Total. 



For all canals. 



$107,996 14 

881,887 76 

164. 153 40 

69,881 12 

8,267 67 

16,888 14 

26,898 81 



$764,922 48 
460 51 



$765,382 94 



For Genesee 

Valley, Chem'g, 

Chenango, 

and Crooked 

Lake canals. 



$11,547 14 

85,848 43 

8,471 44 

2,216 65 

293 09 

950 00 

2,412 48 



$61,739 23 
4200 



$61,697 28 



For canals 
which are to 
be retained. 



$96,449 00 

845,489 32 

155,681 96 

67,6fi4 47 

7,974 48 

15,438 14 

24,485 83 



$703, 183 20 
502 51 



$708,685 71 



It appears from this statement that at least $61,697.23 will be saved 
by the abandonment of these four canals, in these items alone. 

Of the items of expenditure relating to the canals which are to be 
retained, the following cannot be materially reduced, even under a 
new system of management : lock-tending, superintendents for 
salaries, and clerk hire ; these admit of a definite estimate. There 
remain, therefore, the items : labor, $345,489.32, and materials and 
merchants' and mechanics' bills, $213,346.43, which are variable and, 
without doubt, can be materially reduced by improvement in canal 
management. How much the item of labor can be reduced it is very 
difficult to determine ; but that a substantial reduction can be made 
is undoubtedly true. 
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The following remarks, taken from the last annual report, cover 
the question of purchases of tools and materials, or '^ materials," 
'' merchants' " and " mechanics' " bills: 

* " The State Engineer and Surveyor has had occasion to examine 
a large number of superintendents' returns, and is convinced that the 
State has suffered and continues to suffer great loss in the purchase oi 
tools and materials, on account of the high and extravagant prices 
allowed. There is now no general system controlling these purchases ; 
each superintendent trades independently with merchants of his own 
selection, and it often occurs that the prices allowed for precisely the 
same kind and quality of articles, on adjacent or neighboring sec- 
tions, vary as much as fifty per centum. 

The purchase of tools and materials should be controlled by a 
general system, providing that they shall be made by a single or 
central authority, and by contract with the lowest bidder, or in some 
way that will secure the lowest prices. 

With the data at hand, there is no difficulty in making close esti- 
mates of the necessities of a season ; and there is no doubt that, by 
adopting such a system, from forty to fifty per centum could be saved 
to the State on the purchases as now made. The purchases by the 
superintendents now annually amount to about $200,000 ; and have 
in previous years amounJ:ed to nearly $300,000. As these piirchases 
are now generally made, the State pays not the lowest market price, 
but the prices asked by the local merchants. Annual contracts could 
be made for the delivery of articles along the line of the canal when 
and where wanted, and suflicient supplies for daily use and emergen- 
cies could be kept stored in the various State shops. Whatever 
system is pursued in making these purchases, great improvement is 
clearly necessary in this branch of canal management. A system of 
strict accountability for all tools and materials purchased or received 
by officials having charge of repairs should be inaugurated. 

Attention is also called to the manner of making repairs to the 
structures of the canals. It has often occurred that extensive repairs, 
requiring careful engineering supervision, have been carried on with- 
out consultation with the engineer department. In order to secure 
safe, durable and cheap work, it should be provided hy law that no 
repairs to any structure on the canals shall be made without the 
supervision of an engineer." 

It is the opinion of the State Engineer and Surveyor that at least 
$150,000 can be saved in the items of the above table. 

•From report of 1876. 
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The following statement includes all the expenditures, properly 
belonging to the operations of the past fiscal year, made from the 
ordinary repair fund, for managing the canals : 

By Canal Commissioners $52,396 80 

Superintendents 765, 382 94 

Division engineers ' 25, 292 89 

For collectors and inspectors 55)565 43 

, Weighmasters 9,827 69 

Miscellaneous, salaries of officers and refunding of 

tolls 56,234: 67 

Total $964,700 42 

If a reduction is made from this amount, on account of the abandon- 
ment of the lateral canals, of $61,739.23 and $150,000 for improved 
economy in the future, or a total of $211,739.33, there remains 
$752,961.09 as the sum absolutely required to properly manage the 
canals which are to be retained after the close of navigation in 1878. 
Ji^othing is allowed for the laterals which are to be abandoned, for the 
months of October and November next, because they will be prac- 
tically out of the system before October, if they are to be abandoned 
as is contemplated by the statute. 

It must be observed also that $73,271.29 were expended during the 
past fiscal year for works of special repair under the designation of 
"extraordinary repairs." These repairs were, strictly speaking, 
special ordinary repairs^ and should have been paid for out of the 
ordinary repair fund, had the tolls been sufficient. The amount 
required for such purposes during the fiscal year commencing October 
1, 1877, will not be less than this amount, say $75,000 ; these repairs, 
however, should be provided for from the revenues of the canals. 
The sum absolutely required to manage the canals, is therefore 
estimated to be $827,961.09, without allowing for such contingencies 
as breaks. 

It is the opinion of the State Engineer and Surveyor that the sum 
of $900,000 per annum is the lowest estimate that should be adopted 
in providing for the future wants of the canals. This is just within the 
amount of the gross revenues of the past fiscal year *$1,041,690.66, 
which is the constitutional limitation of the expenditures for the con- 
stitutional canals for " collections, superintendence, ordinary and 
extraordinary repairs," for the year commencing October 1, 1877. 

* From Auditor's Report. 
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The general condition of the constitutional canals has been much 
improved, and good navigation has been maintained on them during 
the season, which has been exceptionally free from serious detentions 
on account of breaks. A review of the operations of the year shows 
considerable improvement in the management of the repairs. 

For the details of such works of ordinary repair as have been exe- 
cuted under the supervision of the engineer department, reference is 
made to the reports of the division engineers hereto annexed. 

EXTBAOBDINABY BePAIBS. 

* ^^ Under this designation it has been customary to class all unusual 
repairs to and changes in the canals and their important structures. 
Provision for the cost of these works has heretofore been made by 
special appropriation of funds raised by general taxation. All repairs 
necessary to maintain the canals in an efficient condition should be 
classed as ordinary repairs^ and paid for out of the canal revenues ; 
which, under an economical administration are, even now, ample for 
the purpose. 

"Large appropriations have heretofore been annually made for 
special local improvements not necessary for the purposes of naviga- 
tion, nor adding in any degree to the efficiency of the canal system. 
The State is in no wise bound to provide for any such improvements. 
The expenditures for these purposes have been charged against the 
canals, and, but for them, their present financial condition would be 
much more satisfactory than it now is. The expenses of such improve- 
ments should be borne by the communities or parties specially 
interested, and not by the State." 

In view of the financial difficulty of the canals, the State Engineer 
and Surveyor has, in the many cases referred to him, or calling for 
-his judgment, advised against the expenditure of any money for 
works of " extraordinary repairs " and local improvements not abso- 
lutely necessary to good navigation, or the proper maintenance of the 
canals, notwithstanding the existence on the statute books of unex- 
pended appropriation for such objects. His views in this respect 
have uniformly met the approval of the executive department and 
the Canal Board. 

The following is a complete statement of the expenditures for 
special repairs, under act chapter 425, Laws of 1876, and the laws 
providing for the completion of the Oneida Lake canal, for the years 
1876 and 1877, exclusive of the cost of engineering. 

* From report of 1876. 
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Appropriations by act chapter 425, Laws of 1876, $135,000, and 
$6,000. Fund for the completion of the Oneida Lake canal, 
$48,810.70. 

Under readutians of the Canal Board. 

Appropria- 

DBSOBIFnON OF WORK. tlon by Bxpenditare. 

Canal Board. 

DUBINe FI80AL TIAB WKOOL^ SXPTBIOBB 80, 1876. 

\^ooden dam at Phoenix $4,000 00 $3,844 00 

Wooden dam at Falton... 6,000 00 *6,178 90 

Wooden dam at Van Bnren 8,000 00 *5,648 02 

Wooden dam at Minetto 8,000 00 *2,169 18 

Wooden dam at Troy 7,500 00 •6,991 17 

Breakwaterat Black Bock 16,000 00 12,188 98 

Total, 1876 $48,500 00 $88,856 44 

BuBiHe naoAL tiab BMonfa Sbttbhbbb 80, li77. 

Wooden dam at Oneida $4,20000 $1,446 86 

Wooden dam at Fayetteville 2,10000 

Wooden dam at Jordan 1,100 00 125 59 

Bridge abutments, Champlain canal 82,24100 19.583 12 

CalTerta at Crescent and near lock number 24 6, 316 52 6, 816 52 

Lock 6, Champlaln canal 16,140 76 16,140 76 

Liberty street bridge Schenectady 2,4:23 61 2,433 61 

Bridge at Port Schayler 8,504 60 8,596 45 

Bridge at Exchange street, Albany 1,479 50 1,307 67 

Two sewers at Utica 6,000 00 5,589 86 

Completion of Oneida Lake canal 18,000 00 17,791 36 

Total, 1877 $92,695 99 $78,271 29 

Total, 1878 48,600 00 83,358 44 

Total for 1876 and 1877...!..... $186,095 99 $106,629 78 



Total amount done in 1877, $73,271.29. 

For the completion of the highway road-bridge, in the town of 
Pittsford (under act chapter 425, Laws of 1876) there has been 
expended during the past fiscal year, under act chapter 425, Laws of 
1876, the sum of $853.81, which, added to the above, makes a total, 
for extraordinary repairs done during the fiscal year, of $74,124.60. 

The above works have all been completed with the exception of 
the bridge abutments on the Champlain canal and three feeder dams 
at Oneida, Fayettville and Jordan, which are still in progress. It 
will be observed that the completed works have generally cost less 
than the estimate or sum originally set apart by the Canal Board, 
notwithstanding the fact that on the Oswego dams considerably more 
work was done than was covered by the original estimates. The fol- 
lowing remarks on the Oneida Lake and Champlain canals, include 
detailed statements relating to the more important of these repairs 
which were made during the past fiscal year : 

Completion of the Oneida Lake Canal. 

The payments on account of the construction of this canal, from 
its commencement, in 1867, to the final suspension of contract work 

* Work done in 1876, payments made in 1877. 
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in January, 1875, have been $386,673.05. In April last, by direction 
of the Canal Board, plans and estimates were submitted for complet- 
ing this work, so as to give either five or seven feet of water. These 
estimates were as follows : 

For completion with five feet $18, 000 00 

For completion with seven feet 20, 100 00 

For full completion on original plan 36, 000 00 

On the tenth of April the estimate was approved and the work 
ordered to be done. Work was at once begun under the joint super- 
vision of the Commissioner«in charge and the State Engineer, and 
was finished in September. 

As completed, there are seven feet of water on the first level, and 
five on the remaining levels. No new slope walls were built. 

The total cost of completing this canal, pursuant to resolution of 
the Canal Board, adopted April 10, 1877, was : 

For labor $10,833 55 

For materials 6, 957 81 

For engineering 859 50 

Total $18,650 86 



In addition to the above, the sum of $1,161.00 has been expended 
for surveys and maps of the completed canal, and for surveys and 
maps for the board of canal appraisers, not connected with the work 
of construction. Upon admitting water to this old canal serious 
defects in the execution of the contract work, which could not have 
been detected otherwise, disclosed themselves. The banks, although 
constructed several years ago, and having had abundant time to 
become thoroughly settled, leaked in many places. The second lock 
above the Oneida lake terminus of the canal, leaked so badly that it 
was deemed unsafe to retain the water. The water was accordingly 
withdrawn from the two northern levels, and steps taken to repair the 
lock referred to. 

Upon sinking pits in the rear of the berme wall and breaking into 
the wall, it was found to consist of two shells of rubble masonry in 
poor cement, with a filling of small, loose stones which could be 
readily removed by hand. 

It is sufficient to say, in regard to the character of the masonry ol 
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this lock, that grout pour«d in near the top of the rear of the wing 
wall, at a point about ten feet below the lower hollow quoin, made its 
appearance through the face of the lock wall, near the bottom, and at 
a point fifty feet above the point where it entered. 

After thoroughly grouting this wall, in which over 2,000 bushels 
of cement were used, water was again admitted ; since which time 
the lock has given no trouble. 

Subsequently two breaches occurr^c} in the banks, which have been 
repaired, and the canal is now in fair condition and in use for pur- 
poses of navigation. The total cost of this canal, to the close of the 
last fiscal year, has been : 

Under contracts, dated December 18, 1867 $350, 509 54 

Under contracts, dated December 19, 1873 36, 163 51 

Under resolution Canal Board, adopted April 10, 1877, 17, 791 36 

Total (exclusive of engineering) $404, 464 41 

Total engineering since 1866 39, 691 23 

Grand total $444,155 64 

Ohamplain Canal. 

This canal has been maintained in fair navigable condition. During 
the past season three breaches have occurred : one at Stillwater, one 
at Coveville and one at Glen's Falls. The suspension of navigation 
in consequence of these breaches was about twenty-four hours in each 
instance. 

Early in the year careful estimates, plans and specifications were 
prepared for improving the condition of this canal by raising and 
strengthening its banks so as to give six feet of water, and by renew- 
ing or improving its mechanical structures. These plans, estimates 
and specifications were submitted to the Canal Board, but, on account 
of the constitutional limitation of expenditures, the work was not 
authorized. 

In December, 1876, however, estimates for rebuilding bridge 
abutments and for rebuilding one of the walls of lock 6, north of 
Waterford, were submitted to the Canal Board, and that body 
authorized the expenditure from a fund appropriated by the Legis- 
lature, fcy act chapter 425, Laws of 1876, and directed the prose- 
cution of the woyk under the joint supervision of the commissioner 
in charge and the State Engineer and Surveyor. 
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The estimated cost of these works was as follows : 

For rebuilding bridge abutments $82, 241 00 

For rebuilding lock 6* 10, 719 60 

Total $42,960 50 

The sums actually expended were : 

For rebuilding lock 6 * , $15,140 76 

For rebuilding bridge abutments 19, 683 12 

Total ; $34, 723 88 



The work upon the bridge abutments is not yet completed. Thus 
far, forty-seven abutments have been entirely, and seven partially, 
rebuilt. The naaterials have nearly all been delivered iur the comple- 
tion of the entire work. The State Engineer has eodeavored to 
secure, in all of this work, faithfully constructed and substantial rubble 
masonry. The work has been constantly under the supervision of 
competent and trustworthy assistants who, although they have had 
more or less diflSculty in securing a proper execution of the work by 
the masons, have succeeded in producing unusually ^ood results. 

Nearly all of the mechanical structures on this canal, except such 
as have been recently rebuilt, are in a very dilapidated condition and 
need extensive repairs. The State Engineer is of opinion that all of 
these structures, which have not been already provided for, may be 
gradually put in good condition by a judicious and economical use 
of the usual appropriation for ordinary repairs. 

For further and detailed information in relation to the Champlain 
canal reference is made to the report of the division engineer of the 
eastern division. 

Survey of the Erie Canal. 

At the date of the last annual report the field-work of the survey 
of the Erie canal authorized by act chapter 425, Laws of 1876, had 
been nearly completed. During the last fiscal year this survey has 
been completed and cross-sections plotted in uniform books for per- 
manent preservation in the oflBce of the State Engineer. The field 
books have been put into permanent form and will be preserved 
in the oflBce of the respective division engineers, where they will 
supply a want long felt, of a permanent and complete record of the 

* See report of division engineer of eastern division. 
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condition of the Erie canal, of the length and elevation of its levels, 
of the location of its mechanical stractores, and of the condition of 
its banks. 

These records, besides serving for purposes of reference, will be of 
great value as a trustworthy basis of estimate for future impiove- 
ments, or for the ordinary repairs which'may be necessA'y from time 
to time, to properly maintain the banks of the canal. 

The waste-weirs generally are found to be considerably below the 

■- standard elevation, and the result is a large loss of water. These 

defects should .be remedied as soon as possible by raising the crests to 

the standard heights and every precaution should be taken to prevent 

both waste and unauthorized use of water. 

It will be observed that the division engineers report, that at no 
point did they find less than seven feet of water in the middle of the 
canals, but that they have found deposits near the sides, which have, 
in many instances, reduced the depth of water considerably below the 
standard. 

The original appropriation for this survey was $15,000. Of this 
sum there was expended, during the fiscal year ending Sept. 30, 1876, 
the sum of $9,078.61. During the past fiscal year, the expenditures 
fiere $5,909.64; making a total expenditure of $14,988.25, and leav- 
ng an unexpended balance of eleven dollars and seventy-five cents. 

For the details of this survey, reference is made to the accompany- 
ng reports of the division engineers. 

I^Jettlement or Contbaots under act ohaptek 425, Laws of 1876. 

Very few of these old contracts now remain unsettled, under act 
chapter 425, Laws of 1876. As stated in the last report the recom- 
mendations made in each case in the special report on contracts to the 
Canal Board, June 8, 1876, were founded upon engineering considera- 
tions only, without reference to the questions of law or policy 
involved; they left the matter of compromises entirely to the judg- 
ment of the Canal Board. 

Many difficult questions hav<j been involved in these cases, such as 
the following : the extent to which the State is bound by the ♦acts of 
its engineers in accepting inferior work ; the degree of reliance which 
can be placed upon the recorded me,asurements and notes of the engi- 
neers — the only data available in many tjases ; was the acceptance of 
inferior work a case oi fraud or neglect on the j)art of the engineers ; 
would it be profitable to litigate the claims, or would litigation result 
in substantial success, or the recovery of a sum equal to the cost 
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of the snit? Of the disputed items in these cases by far the 
larger portion in amount related to the quality of the work done and 
materials delivered and accepted by the State's agents. The con- 
tractors claim that the objections come in now too late, and should 
have been made when the work was in progress, ip order to afford 
them an opf>ortunity to remedy the defects at small cost or to throw 
up their contracts. 

The consideration of these questions and many special circum- 
stances connected with each case have necessarily modified the 
purely engineering views expressed in the report referred to ; 
and in the cases settled it has, in the judgment of the Canal 
Board, been for the best interests of the State to compromise the 
claims, upon getting substantial reductions from them, although 
such reductions w.ere, in many cases, less than the reduction which 
would seem to be proper in a strictly engineering view. Besides 
the reductions made :^rom the original claims of the contractors 
they have, except in undisputed cases, been allowed no interest. 
In some cases the contracts, which were for wholly unnecessary 
work, were canceled and the work stopped before much progress 
had been made, and large sums, in addition to the reduction^ from 
the claims for the work already done, have in this way been saved. 

Of the sums paid in settlement of these contracts, $56,566.46 
relate to undisputed cases, and $106,219.47 to disputed claims, making 
a total of $162,785.93, including interest. The aggregate reduction 
made amounts to $30,847.64. Forty contracts have been settled 
and fourteen remain for settlement. Those remaining for settlement 
include the larger claims against the State, most of which are in 
litigation. 
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20 Report of the State Engineer and Surveyor * 

The following certificates for work outstanding, provided for by 
act chapter 263, Laws of 1876, and act chapter 425, Laws of 1876, 
have been paid, and the contracts settled : 

1208. Willard Johnson, Deceifiber 22, 1871, 

on Jason Street bridge, Utica $616 02 $73 75 

1320. Dana Reed, October 29, 1873, sewer at 

West Troy 3,196 49 409 77 

1314. A. J. Brown, October 29, 1873, for 

bridge at Alexander street, Cohoes, 327 05 40 99 

1209. E. B. Van Dusen, December 22, 1871, 

for bridge at Columbia street, Cohoes, 1,110 00 117 87 
13L3. J. M. Barnett, October 16, 1873, for 

extending abutments, East Frankfort, 806 17 62 93 

1022. A. J. Brown, September 9, 1869, for 

wooden road bridge, with sidewalk, 

atllion 1j605 40 123 15 



$7,661 03 $828 46 
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« 

Final payments ordered by Canal Board, with interest, 
1876 $89, 732 29 

Final payments ordered by Canal Board, with interest, 
1877 73,063 64 

. • 

Total $162,785 93» 

Reductions, 1876 $18,376 47 

Reductions, 1877 12,471 17 

Total $30,847 64 
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Gefiificatea for work outstanding cmd provided for hy chapter 263, 
Laws of 1875, and act chapter 425, JLaws of 1876. 

1299. J. M. Barnett, August 19, 1873, for walls, etc., 

Ferguson's aqueduct $26,988 39 

1^76. H. J. Mo wry, December 18, 1872, for dam at 

Cazenovia 9,740 61 

S. D. Keller, for taking down and relaying retain- 
ing wall in rear of tow-path side, lock 2, Oswego 
canal 1, 105 00 
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The securities under the contracts contained in Table No. 3 of the 
State Engineer and Surveyor's report on pending contracts, have all 
been returned, excepting the following : 



6 
I 



1805. 



1808.. 



1801.. 



Name. 



Thos. Gale. 



P. Corkings. 



P. CorkiDgs. 



Date. 



Aug. 18, 1873. 
Aug. 19, 1878. 

Aug. 19, 1873. 



WORK. 



Constrncting vertical wall 
on berme side of Cayop^a 
and Seneca cbnal, village 
of Montezama 

Removing wall-benchea 
and constructing verti- 
cal wall on berme side of 
Brie canal, bet. Schnyler 
and Jaaon sts., Utica. . . . 

Removing wall-benches 
and constracting verti- 
cal wall between James 
and Washington streets, 
Rome 



Act of 
Legislature. 



766 of 1878 
899 of 1874 



766 of 1878 



766 of 1873 



Final 
account. 



f846 48 



16,816 40 



1,748 80 



Secarity 
retained. 



$100 00 



1,600 00 



800 00 



Genesee Riyeb Feeder. 

A law was passed at the last session of the Legislature (act chap. 
369) providing for the abandonment of this feeder, if the State 
Engiueer and Surveyor shall certify that it is no longer of use for 
canal purposes. In his opinion this feeder cannot safely be abandoned 
for the following reasons : 

During continued east winds, the water in the Ene canal, in the 
vicinity, of Rochester, often falls below the depth required for navi- 
gation. Several such instances have come under the personal obser- 
vation of the State Engineer and Surveyor. In such cases water is 
freely drawn from the Genesee Valley canal in order to supply the 
deficiency. It could be drawn from this feeder were the dam kept in 
order. 

In view of the early abandonment of the Genesee Valley canal, it 
is important that this feeder be retained ; the dam should be main- 
tained at its full height and the bulk-heads and gates kept in order. 
There would be no necessity fdr drawing water from the feeder, 
except on such occasions of low water in the Erie, and the milling 
interests would be as well protected as now; a waste-weir could 
readily be established so as to allow all the waste water to spill over 
into the mill-race, in the vicinity of the junction of the feeder with 
the Erie canal. Such a device would induce a gentle current through 
the feeder and keep it in a healthful condition. 
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Sewebage Question op Buipfalo. 

Therfollowing extract, from a report made to the canal hoard April 
13, 1876, expresses the views of the State Engineer and Surveyor on 
this subject : ' 

" The natural outlet for the sewer system of Buffalo has been cut 
off by the building of the Erie canal along Black Bock harl;>or, and 
the State may, perhaps, be equitably bound to give aid to the city in 
providing a remedy. 

" The proper outlet for the sewer system of Buffalo is, without 
doubt, directly into the Niagara river, which, by its great volume 
and swift current, can be made to carry all the sewerage entirely 
beyond the shores of the city. Both upon engineering and sanitary 
grounds, it is clear that this is the only satisfactory solution of this 
question. The city will very soon be forced to accept it. 

" To carry this plan out, the outlet must be led under the canal. No 
serious engineering diflSculties would be encountered, nor would the 
expense be very great. 

*' Without, however, discussing the merits of any special route or 
plan, the committee are decidedly of the opinion that the Bird avenue 
sewer should not be allowed to discharge into the canal. The canal 
having been separated from Black Rock harbor by the new division 
wall, is now a narrow stream having no outlet into the river ; and its 
navigation, lately improved at great cost to the State, would be 
seriously obstructed by the discharge of solid matter from such a 
sewer, unless extensive and expensive dredging operations are carried 
on each season. 

" The committee, therefore, respectfully recommend that the reso- 
lution offered on the seventeenth of February, to prohibit the city 
authorities from leading the Bird avenue sewer into the canal, be 
adopted." 

The proper plan would seem to be to build outlets leading under 
the canal directly into the Niagara river at advantageous points, and 
a main belt sewer intercepting all the branches which do now, or are 
designed to, discharge into the canal, to connect with them. Such a 
plan would furnish Buffalo with an unrivaled sewer system. 

Main and Hambubgh Canal. 

This canal is only a short inlet or basin, branching from the Erie 
canal, at Buffalo. 

It has never been of use to the State, and is now a public nuisance. 
It was begun by the city of Buffalo, and before completion, it was, 
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oy the peculiar canal legislation of former times, transferred as a bur- 
den to the State. It is one of the innumerable burdens which the Erie 
canal has had to support. It has cost the State large sums for it« 
repair and maintenance. It is recommended that it be disposed of. 
The proper thing to do would be to fill it up, and provide other- 
wise for the sewerage. v 

Oak Obohabd Ckeek Feeder. 

* 

This feeder passes through very low lands, and the efiect of its 
banks is to cut ofi^ the natural drainage of all the lands lying to the 
eastward of it, while greatly improving the lands to the westward. 

All tlie drainage of the lands to the eastward is sought to be 

led by private ditches into the feeder, but its water level is too high 

to make it an effectual outlet. The lands lying to the westward are 
generally in good arable condition, while those lying to ihe eastward 

are still swampy. Serious legal complications are involved in the 

questions relating to damages and remedies in this case. 

Even if the feeder should be abandoned, which the State Engineer 
and Surveyor does not deem advisable, for reasons similar to those 
given in the case of the Genesee Valley feeder, and the drainage 
restored to the natural channels, great damage would result to the 
improved lands to the westward, although the. lands to the eastward 
would certainly be improved. " If the feeder is not abandoned it is 
evident that the owners of lands lying to the eastward must seek 
some other system of drainage than the natural or original channels, 
and must depend for compensation upon the success of their claims 
for damages from the State. 

The damages resulting to these lands do not result from any defects 
in the banks or structures of the feeders, or from its general condi- 
tion, but from the original plan adopted, which was called for by 
the surrounding circumstances. 

What the legal rights of the owners are, under these circumstances, 
can only be determined by careful inquiries into the condition of the 
original transfers of land from the owners to the State, former awards 
and stipulated conditions, and the general laws relating to the subject. 
, It can thus be determined whether the State, while maintaining the 
feeder, is under any obligations to aid the owners in developing an 
adequate system of drainage. There are, evidently, other systems of 
drainage available than the channels of the feeder or creek, although 
they are costly. 
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Special Ekpaibs and Reoommbndations. 

During the past season the State Engineer and Surveyor has mado 
frequent and extensive inspections of the canals, and examinations of 
nearly all of the structures and places which are stated in the reports 
of the division engineers to require repairs. He approves of their 
recommendations, with the following exceptions : 

Middle Division, 
Pratt Street bridge , tS'jOOO 00 

Upper Koad bridge at Durham ville 2>000 00 

Oswego dams 20>000 00 

These items require further examination. There is no doubt ot 
the importance of continuing the repairs to the aprons of the Oswego 
dams, but they should be executed as ordinary repairs. These daras 
are expensive and important stone structures and should be made 
entirely safe from the undermining action of the water. The worst 
places have already been protected by new aprons. 

Western Division. 

New side-cut lock at Tonawanda, estimated cost $60,000. The 
necessities at this point are not so pressing as to warrant such an 
expenditure, under the present financial conditions of the canals, 
s Three new stop-gates between Lockport and Rochester, estimated 
cost $18,000. These works should be executed as soon as funds are 
available. It is doubtful whether they can be carried out during 
the coming season. 

The following subjects require special mention : 

Chenango Reservoirs. 

* " These reservoirs are essential to good navigation on the Erie 
canal, and must be retained. They are as follows : Madison Brook 
reservoir, Bradley Brook reservoir, Eton reservoir, Kingsley Brook 
reservoir. Hatch's Lake reservoir, and Leland's Pond reservoir. 

" Considerable repairs are necessary to put therA in good condition. 
The inner slopes of the banks of Madison Brook reservoir require 
brush and stone protection; and though these repairs are not of 
pressing importance, the banks should be carefully watched, from 
time to time, to provide against any dangerous encroachment. % 

" A new waste-weir and race-way is required at Hatch's Lake 

reservoir. They are now wooden structures, and can be repaired ot 

the same material. 

♦ From last report. 
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*^ There is no waste-weir at Eaton reservoir, and the depth of water 
is regulated by metal sluice-gates discharging through three iron 
pipes ; one of the pipes is reported' to be obstructed. It is not 
deemed safe that the regulation of so large and deep a body of water 
should depend solely on the present sluice-gates. It is highly 
important that this reservoir should be provided with an ample 
stone waste-weir and race. • 

The estimated cost of these, including minor repairs, is $20,000." 

Provision was made to rebuild the Oneida, Limestone and 
Skaneateles Creeks dams, by the Canal Board, on September 6, 1876, 
by an appropriation of $7,400. The materials for Oneida Creek 
dam and Skaneateless Creek dam have been delivered, amounting to 
$1,571.95, but no work has been done. They should be completed 
at the low stage of water during the coming winter. 

The division wall at Black Rock harbor, estimated cost $36,000. 
This work should be completed as soon as funds can be obtained. 
For further information on this subject, attention is invited to the 
division engineer's report and the last report of the State Engineer 
and Surveyor; 

The supporting walls of the race-way, at the combined locks at 
Lockport, should be repaired at once ; the estimated cost is $1,800. 

The total amount for special and ordinary repairs, recommended 
in the reports of the division engineers, is $212,22^. The esti- 
mates for these various works may, however, be somewhat modified 
upon further examination. The aggregate amount of the items 
objected to is $105,000, leaving for items approved $107,222. 
These repairs should all be provided for out of the ordinary repair 
funds, as rapidly as is possible. It may be necessary to postpone 
some of them. A large portion of them are, however, of the usual 
character of the annual ordinary repairs, and do not require special 
appropriations. 

Great diflSculties are experienced during the early part of the season 
at various points on the canals from the rapid growth, of eel-grass. 
Careful measurements taking during July show that the water 
requires an additional head of one-quarter of an inch per mile in 
order to overcome the obstructions due to this grass. Many devices 
have been tried for removing it ; the most successful of these seems 
to be heavy chains dragged astern of an ordinary tugboat. This sub- 
ject still presents a field for invention. 

Proper gauge marks should be made at frequent intervals on the 
structures of the canals, at standard heights, to furnish proper guides by 
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which to regulate the water supply. This has already been done on 
the western division by the division engineer. The data required for 
establishing these marks are embodied in the results of the Erie sur- 
vey. This and the regulation of the heights of the waste weirs are 
subjects of the greatest importance, for only by such methods can the 
enormous waste of water which now takes place be prevented. The 
division engineer of the western division has treated this subject in a 
very thorough manner, and his remarks deserve the careful attention 
of the Canal Commissioners and superintendents. 

A general inspection of all the bridges on the constitutional canals 
was begun during the past season in order to obtain complete records 
of each bridge, giving its type, all its dimensions, its condition and all 
important facts connected with it. This inspection has been com- 
pleted on the eastern and western divisions. The bridges are to be 
numbered consecutively from the ends of the canals nearest Albany. 
It is recommended that it be completed at an early period. 

The general condition of the masonry of the various important 
structures of the canals requires the careful attention of those having 
charge of repairs. The personal inspection of the State Engineer and 
Surveyor discloses the fact, that there is scarcely an instance where 
the pointing of lock masonry remains sufficiently intact to afford 
proper protection to it from the weather. This is true of many 
similar stnictures. 

In many works completed within four or five years the pointing 
has already become worthless. Such defects in new work result from 
carelessness or ignorance on the part of the superintending officials 
and the masons. In old work they are to be expected, as the usual 
effects of exposure to weather and age. 

Good pointing requires a strict adherance to careful specifications.* 

* The following precautions should be observed in laying and pointing masonry : 
Laying of Masonry. — All stone should be thoroughly brushed clean and wet before 
being set, laid in a full bed of mortar, and when the rise of the stones is so great as 
to require it, the vertical joints grouted. All exposed joints should be scraped out 
clean to a depth of at least two inches, and made ready for pointing before the 
mortar has set hard. 

Pointing. — The joints should be thoroughly brushed and wet immediately before 
pointing. The mortar for pointing should be composed of one part of cement and 
one part of ch au, sharp sand, or a composition of equal strength, first thoroughly- 
mixed dry, and afterwards wet with a quantity of water just sufficient to dampen 
the mixture, and thoroughly tamped into the joints, and the surfaces of the joints 
finally polished. In no case should the mortar be allowed to project beyond the Ups of 
ihs jairUSy btU should follow ctU the irregularities of the faces of the stones, in order to 
accomplish this result This last precaution is especially applicable to rubble 
masonry. 
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It is of the greatest importance that the masonry of all the 
important structures should be kept well pointed, in order that the 
damaging effects of wet and frost may be avoided and their durability 
insured. The first cost of making these repairs will be considerable, 
but it is a necessary outlay. 

Great defects have been observed in the conci'ete used for repairing 
bottoms of locks, foundations, etc. It has been the custom to papk 
the stone in the trench, and then to pour in thin grout, in order to 
make concrete. In many cases it has been discovered that, after four 
or five years, no appearance of concrete remains. In fact, the con- 
crete is generally covered up before any test of its quality can be 
made, owing to the shortness of the time available for making the 
repairs. It is not to be denied that grouting is important under cer- 
tain circumstance^. The concrete should, however, be properly 
mixed before being placed, whenever this is possible, and then 
thoroughly" rammed ; if any scarcity of mortar is then observed, grout 
should be poui*ed in. The proportions to be used, and mode of mix- 
ing, should be governed by the well-established theoretical and prac- 
tical principles relating to this subject, and the materials in all cases 
measured. 

Standard tests should be established for all cement used. As far as 
tiie engineers have had control of the purchase of cement, during 
the past two years, such tests have been made as were possible. 
The cement has necessarily been purchased in small quantities and 
at irregular intervals, thus preventing any extended tests. It is 
recommended that each division engineer's office be furnished with a 
testing machine, and that from time to time tests of the brands of 
cement in market be made, and a record kept of them for the 
guidance of officials making purchases. When the cement is pur- 
chased in small quantities and at irregular intervals, it is not possible 
to make critical tests, and the reputation of the brand is the principal 
guide. By keeping such a record of the principal brands the best 
may be selected. 

The State Engineer and Surveyor has made eyery effort during his 
term to have these requisites of good construction observed, being 
convinced that great waste of money has resulted from carelessness in 
these small but very important matters. 

The reports of the division engineers, hereto annexed, contain a large 
amount of important information, which cannot be set forth within 
the scope of this report, and deserve careful consideration. 

3 
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GSNBBAL R^ABKS. 

A careful study of the financial condition and trade of the canals 
must convince those intrusted with their management, that the strictest 
economy must now be practiced, in all expenditures, if they are to be 
maintained in their present useful condition. It is, of course, folly to 
expect that the constitutional requirements relating to the canal debt 
can be observed. The problem, for some time, has been to secure suf- 
ficient revenue to pay their running expenses only ; to so fix the tolls 
as to secure a large tonnage and a maximum revenue. The revenue, 
even now, is sufiicient to cover the running expenses of the canals, 
if it is devoted only to the legitimate purpose of canal management. 

Had the sums which have, in past years, been wasted on unneces- 
sary works or stolen, been applied to the legitimate expenses of the 
canals, the debt would have long ago been paid ; their banks and 
structures all placed in a permanent condition ; and the possi- 
bility of even lower tolls than now established. It appears from 
the auditor's tables, that the canals have cost the people over 
and above their revenues, $34,653,199.95.* The actual cost of con- 
struction, to September 30, 1874, has been $76,076,906.74. It is 
evident, therefore, that a large part of this outlay has been repaid 
from the revenues. 

Considering the rich development of the country along the lines of 
the main canals, and the advantages secured to the terminal cities, it 
cannot for a moment be doubted that this expenditure, notwithstand- 
ing all the waste of funds, has been a largely profitable investment to 
the people of the State. 

The improved economy established in the management of the 
canals is shown by the following comparison of expenditures for the 
past five years : 

* Amount of taxes levied to Sept. 30, 1876. 
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To these substantial results must be added the saving accomplished 
by act chapter 425, Laws of 1876. By that statute the numerous 
balances of funds appropriated by various acts, exclusive of funds 
for completion of Oneida Lake canal and Champlain enlargement, 
were collected into one fund of $1,638,358.22, and devoted to the real 
needs of the canals and the sinking fund. The appropriations under 
this act are as follows : 

$400, 000 00 to the fund for the settlement of contracts. 
135 J 000 00 for such special repairs as the Canal Board may direct. 
6)000 00 for sewers at titica, under the Erie canal. 
3 J 000 00 reappropriated for wall at Rome. 
J.25OOO 00 for iron bridge at Rome. 
400 5 000 00 for improving water-way of the Erie canal. 

15? 000 00 for survey of the Erie canal. 
630,325 66 Canal Debt Sinking Fund. 
93 J 032 56 for interest, Sinking Fund. 

The item of $400,000, for improving the navigation of the Erie 
canal, has not yet been used for that purpose. The greater portion of 
this fund was temporarily appropriated by the last Legislature to 
form a fund with which to open the canals, thus proving a most timely 
reserve. As the revenues have been just about suflBcient to cover the 
running expenses of the canals, this fund is still nearly intact', what 
was temporarily used of it having been replaced from tolls received. 

The last two items, amounting to $723,358.22, for the sinking fund, 
saved the people just that amount of taxation. 

The total saving under this act amounts to at least $1,258,358.22, 
to which is still to be added whatever of the sum appropriated to the 
settlement of contractors' claims it may not be found necessary to use. 

Hudson River Improvement. 
At the close of the season of navigation of 1876, there remained 
of the appropriation of $40,000, by act chapter 204, Laws of 1876, 

an unexpended balance of $135 080 06 

Add appropriation, act chapter 412, Laws of 1877 15j000 00 

Total available during season of 1877 $28,080 06 

The total expenditures during £he past season have been, 27? 171 59 

Unexpended balance. $908 47 
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The details of expenditure and of work done are shown in the 
following statement : 



EXPENDITURES hy the State Engineer and Surveyor under act 
chapter 204, Laws of 1876, and act chapter 412, Laws of 1877 ^ 
up to Novemher 1, 1877, were as follows : 



BETWEEN TROY AND ALBANY. 

\ ■ . 



Qaantities. 



4, 632 cubic yards 

6, 157 cubic yards — 
14, 144 cnbic yards. . . . 



24,833 cubic yards.... 



LOCATION. 



Fiuh-honse.... 
Round Shoals. 
Covell'sbar... 



Total 



Two and five-tenth days dredge and tug at Fish-honse, 611 cubic yards, $65 

Six days dredge and tug at Troy, 1,738 cubic yards, $55 

Use of tug removing pile at Covell's bar 



Total for dredslng and extra work 

Inspectors, i^nduding their disbursements for transportation. 



Total expenditure above Albany. 



Price. 



12 cents. 

13 cents. 
12 cents. 



$137 60 

330 00 

2 00 



Amount. 



$543 84 

738 84 

1,697 28 



$3,979 96 



469 60 



$8,449 46 
262 40 



$3,711 86 



BELOW ALBANY. 



Quantities. 



73, 670 cubic 

68, 889 cubic 

4, 974 cubic 

1, 679 cubic 

49, 952 cubic 

2, 845 cubic 



yards.., 
yards. . . 
yards.., 
yards. . , 
yards. . , 
yards. . 



202, 009 cubic yards. . , 



LOCATION. 



New Baltimore. 

Mull's. 

Stone Light. . . . 

Bogart*B 

Overslaugh 

Cuyler's 



Total. 



One and one-fourth days dredge and tug at Stone Light, $60 

Five and one-tenth days dredge and tug at Overslaugh, 1,088 cubic yards, $55, 
Four and three-tenth days dredge and tug at Greenbush, 831 cubic yards, $50, 
Removing stump at Overslaugh . 



Total for dredging and extra work 

Inspectors, including their disbursements, etc. 



Total expenditure below Albany 



Price. 



10 cts. . 
lO^icts., 
lOKcts., 
10% cts. , 
105^ cts., 
105tf cts.. 



$75 00 

380 60 

315 00 

60 00 



Amount. 



$7,367 00 

7,405 66 

684 70 

180 49 

6,369 84 

306 84 



$21,168 48 



620 60 



$31,783 93 
1,675 80 



$33,460 73 



Recapitulation. ^ 

Total expenditures above Albany $3? 711 86 

Total expenditures below Albany 23 > 459 73 



Grand total |27a71 59 
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Balauce of appropriation unexpended (chap. ^4, Laws 

of 1876), as per last report $13>080 06 

Add appropriation (chap. 412, Laws of 1877) 15, 000 00 

Total $28,080 06 

Deduct expenditure in 1877, as above 27 j 171 59 

Unexpended balance November 1, 1877 \ $908 47 

*No. of cubic yards removed in 1876, 136,709 ; cost. . $25, 203 56 
t No. of cubic yards removed in 1877, 226,842; cost. . 26,081 59 

Engineering included in above cost, 1876, $1,155.50, is 4.59 per 
cent of cost. 

Engineering included in above cost, 1877, $1,938.20, is 7.43 per 
cent of cost. 
Average cost per cubic yard, including engineering, in 

1876 ..*.•• 18.43 cents. 

Average cost per cubic yard, including engineering, in 

1877 11 .49 cents. 

Average cost per cubic yard of engineering, in 1876. . 0.85 cents. 
Average cost per cubic yard of engineering, in 1877. . 0.85 cents. 

Upon the opening of navigation last spring, surveys were com- 
menced by Lieut. Willard (U. S. Engineers), for the purpose of ascer- 
taining the location, extent and relative importance of the then 
existing obstructions. These having been determined, work was 
begun late in May, under an agreement with E. R. Seward, for 
dredging 70,000 cubic yards at New Baltimore, at ten cents. 

Work was also commenced about the first of June at Mull's, under 
an agreement with Messrs. Brainard, Payn and Fenner, for dredging 
about 30,000 cubic yards at ten and three quarter cents. 

Later, and in June, an agreement was entered into with the last- 
named contractors for dredging about 60,000 cubic yards at Over- 
slaugh, including the removal of the old State dam, at ten and 
three-quarter cents per cubic yard. 

Later in the season, dredging to a small extent was done at Albany 
and Troy, at a fixed compensation per day, or for a stipulated sum in 
gross ; all of which fully appears in the foregoing statement. 

♦ Excluding extra work, $1,716.38. 
t Excluding extra work, $1,090.00. 
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The new channel at New Baltimore, commenced last year, has 
been completed and is in successful use. Three bars have been 
removed at MulPs, and the obstruction caused by the old State dain 
at the Overslaugh done away with. 

An obstruction, in the form of an old submerged launching way, 
has been removed from the east side of the river opposite the city of 
Albany. The narrow channel opposite the " Hole in the Dyke," at 
Bath, has been materially widened and improved. The channel has 
been deepened below the high dyke and at "Covell's Folly," between 
Albany and Troy, and below the Saratoga railroad bridge at Troy. 
The upper end of the new channel below the State dam, at Troy, 
has been widened and improved so as to give unobstructed access 
from the sloop lock. Upon the opening of navigation last spring, 
this channel was found to be in perfect condition, with the full depth 
of water made last year. 

The State Engineer is not aware that any serious detention has 
occurred, on account of low water, during the past season. He 
believes that navigation has been exceptionally good, and that the 
means which have been placed at his disposal are proved to have 
been efficiently expended. 

For the possible requirements of the season of 1878, there remains 
an unexpended balance of only $908.47. 

As the channels across the several bars which have been removed 
would be materially improved by increasing their width, and in view 
of the possible formation of new obstructions during the winter and 
spring freshets, an additional appropriation of, say $20,000, is 
respectfully recommended. 

The State Engineer and Surve;;^or is indebted to General Newton 
and Lieutenant Willard, of the U. 8. Engineers, for their valuable 
co-operation in the execution of these improvements. 

Canal Tbansportation. 

For several years past those interested in canal transportation have 
anxiously studied the question of steam propulsion, in the hope that 
it could be successfully applied on the canals, and that its introduc- 
tion would cause a revival of their waning trade. Many attempts 
have been made during the past seven or eight years to introduce 
it on the canals; the old mode, however, with animal power, 
still prevails. The revival of trade during the past season has added 
renewed interest to this subject, and in the general effort to secure 
the cheapest mode of transportation steam propulsion has been used 
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to a greater extent than ever before. Its use has, however, not been 
general ; a small portion only of the tonnage has been moved by 
steam power. The modes employed were: single steamers, like 
the " Baxter" boats; ordinary tugs, with a train of from two to five 
boats in tow; and the ^'steamer and consort" plan, in which an 
ordinary boat is pushed ahead of the steamer. 

The following estimates of the cost of transportation by the seve- 
ral modes which have been used with success have been carefully 
prepared from data obtained from those practically conversant with 
the subject, and from the personal investigations of the State Engi- 
neer and Surveyor : 
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CUBSSNTS, IK MiLBS PBB HoCTB. 

From Buffalo to Lockport, 31 miles, mean current, about + .78 

Lockport to Kochester, 62 miles, mean current, about . . + . 37 

Bochester to Montezuma, 60 miles, mean current, about, + . 24 

Montezuma to Jordan, 14 miles, mean current, about . . — .12 

Jordan to Geddes, 17 miles, mean current, about + .12 

Geddes to Rome, 43 miles, mean current, about — .30 

Rome to West Troy, 118 miles, mean current, abont. . . + .30 

Mean easterly current = . 24 

HoBSB-BOATS. 

On the Erie canal a first-class grain boat carries a cargo of about 
230 tons, and the boat itself weighs about 65 tons. It is towed 
by two horses at one time, working six hours on and six hours off; 
the number of horses for each boat being four. Seven trips is the 
usual number for a season of 210 days, the time consumed for a round 
trip from Buffalo to New York and back, being thirty days. The 
time consumed from Buffalo to West Troy with a loaded boat, is 
about ten days. Mr. D. M. Greene, Deputy State Engineer and 
Surveyor, by examining seventy-two clearances of consecutive boats 
in 1872, concluded that thie average time was ten days and two hours, 
giving a mean speed of 1.42 miles per hour; allowing one and one- 
half days for lockages, the speed for running time will be 1 . 67 miles 
per hour. The table gives 1.55 miles per hour, a close agreement. 
The easterly current being about -^^ of a mile per hour, the actual 
speed through the water will be about 1-J miles per hour going east, 
and about 2 miles per hour with partial cargo, or light boat, going west. 

In 1862 the average tonnage of a boat was 167 tons, and the time 
occupied from Buffalo to Troy was eight and one-half days. (See 
Auditor's Report on Tolls, Trade and Tonnage.) It is questionable 
whether, considering all circumstances, the boats are not now above 
the most economical size. 

Estimate of cost of transporting wheat from Buffalo to Nevo Yorhy 
on Erie canaly with Animal Pow&r ; season 210 days ; number of 
trvpsper year seveny or thirty days per trip: 

Investment. 

Cost of boat to carry 230 tons of cargo $4, 000 00 

Cost of horses, four at $125 500 00 

Cost of harness, four sets at $15 60 00 

Total investment $4, 560 00 
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Annual Expenses. 

Interest on investment at 7 per cent $319 20 

Reserve fund to replace boat in 10 years . . . 289 60 

Repairs to boat, 8 per cent of cost ^ . , . 320 00 

Insurance on boat 20 00 

$948 80 



If 



Crew, including board : 

One captain $90 

One steersman 20 

Two drivers at $12 24 

One cook 10 

$144 X 7 trips. 1 , 008 00 

Keep of horses including ( 4 x $25 x 7 raos. . . ) (6qqq qq 
shoeing ( 4 x 10 x 5 f * 

Reserve fund to replace horses in 6 jears 69 90 

969 90 

Kiver and harbor towage, $60 x 7 trips 420 00 

Commissions, $25 x 7 trips 175 00 

Insurance on cargo, $35 x 7 trips 245 00 

Wharfage and incidentals, $7x7 trips 49 00 

Total $3,815 70 



Tons transported eastward, 280 x 7 1, 610 . 

Tons transported westward, 67.5x7..- 402 . 5 

2,012.5 



Cost per ton moved from BuflEalo to New York, 495 

miles $1,896 

Cost per ton per mile from Buffalo to New York 3 . 83 mills. 

Cost of bushel, of wheat moved 495 miles from Buffalo 

to New York 5 ; 688 cts. 

Tolls per bushel, Buffalo to Troy 1 . 04 cts. 

Elevating charges in New York . . . .% 50 cts. 

Trimming cargo 15 cts. 



Total cost per bushel moved 495 miles and trans- 
shipped at New York 7.378 cts. 



Cost per ton moved 495 miles, including one mill toll per 

mile for 345 miles (Buffalo to Troy) $2 24 

Cost per ton per mile, including above tolls= 4.53 mills* 
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Description of the Steamer " William Baxter." 

" The * Baxter ' was designed and built expressly to compete for 
the reward offered by the State, and is, therefore, a purely experi- 
mental boat, entirely unlike the ordinary Erie canal boat. She was 
built during the spring and summer of 1872, at Fishkill-on-the- 
Hudson, by Samuel Sneden, Esq., an experienced ship-builder of 
New York, from a model designed by William Baxter, Esq., of New- 
ark, N. J., whose name she bears. 

" Her dimensions and weight are as folloWB : Length, 96 feet 2 
inches; breadth, 17 feet; depth of hold, 9 feet; weight, including 
machinery and water in the boiler, 57.2 tons. 

"In model, the * Baxter' resembles the Hog-bilge' boats of the 
New Jersey and Pennsylvania canals, being, however, somewhat 
sharper than those boats. Her bottom is perfectly flat, and her sides, 
stem and stern are vertical ; so that she has a uniform horizontal seo 
tion from her bottom up to 5i feet draft. Above this, the sides ar(v 
carried out, forming an overhang at the stern, for the protection oi 
the screw and to give deck room. 

" The form and dimensions of the immersed portion of the Bax 
ter's hull are the same at bow and stern ; so that, if a line be drawn 
athwart the plan, at right angles to the keel, and midway betweeix 
the stem and the stern-post, such line would divide the plan into two 
equal and symmetrical parts. The sides converge from points die 
tant 20 feet from both stem and stern, on curves of 30 feet radii. Tho 
area of the Baxter's bottom is 1,408.078 square feet. Her displacement, 
when drawing 6 feet of water, is therefore 8,048.468 cubic feet, oi 
264.015 tons, and her carrying capacity 206.815 tons. With a cargo 
of 200 tons, she should draw 5 feet 10 inches of water.* These 
results are deduced from the dimensions of the Baxter's plans. It 
is, however, stated that, as a matter of fact, when carrying 201 ton* 
she draws only 5 feet 8^ inches of water. 

" The machinery, \vhich was built by the Fishkill Land'-ng Machine 
Company, consist of a Baxter upright cylindrical boiler and a pair 
of Baxter compound condensing engines ; these, together with the 
coal-bunker, engineers' berths and water-closet, occupy a space of 
14 feet in length, at the stern. 

" The boiler is about 7 feet high, and has an external diameter of 
46i inches ; the fire-grate is 27 inches in diameter, and the combus- 
tion chamber about 2 feet high ; from the upper portion of the latter. 

* Biz inches immersion of the overhanging stem is not included. 
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which is somewhat larger than the firegrate, the products of com- 
bustion descend through 34 two-inch tubes 18 J inches long, after 
which they enter and ascend through an annular space about 3^ 
inches wide, to the smoke-pipe, whence they escape into the air. 
Outside of the annular space just referred to is a second annular space 
seven-eighths of an inch wide, through which the steam passes and is 
reheated on its way from the high to the low pressure cylinder. 

" The boiler was originally covered with felt, and thorouglijy 
lagged with wood, but as the latter was found to be liable to take tire 
from the excessive heat to which it was exposed, it was removed, and 
the ' salamander ' felt substituted in its place. By this means, the 
loss of heat by radiation from the boiler, from which all the other 
boilers have suffered more or less, was effectually prevented. Alto- 
gether, the Baxtei-'s boiler is remarkably economical for a power 
suited to its capacity. But it is too small for the duty required of it, 
and it has been found necessary to keep the small blower (apart of 
the original design) constantly running, in order to make the neces- 
sary amount of steam. The speed at which this blower — which was 
driven by a belt from one of the screw shafts — had to be run, in 
order to produce the desired result, was such that, especially at night, 
a stream of flame was seen frequently issuing from the top of the 
smoke pipe. In consequence of this loss of heat, the efficiency of 
the boiler was, of course, seriously impaired. The areas of the grate 
and heating surfaces are 4, and 160 square feet, respectively. 

" The cylinders, which are vertical, are attached to either side of 
the boiler, and are jacketed ; the jackets being connected to the 
boiler by pipes at top and bottom, so as to insure a constant supply 
of live steam to the outside, as well as to the inside of the cylinders. 
The high and low pressure cylinders are 7 and 12 inches in diameter, 
respectively, and the stroke of the piston is 12 inches ; the admission 
of steam to both is suppressed at three-fourths the stroke, by lap upon 
the side vialves, which are wprked by the ordinary link motion. 

" The condenser, which is exceedingly cheap and simple, as well as 
moderately efficient, consists simply of an extension of the exhaust 
from the low pressure cylinder through the side of the boat, where it 
connects with a three-inch iron pipe which passes around the stern 
and enters upon the opposite side, where a small air pump is located, 
and operated by a crank attached to the inboard end of the starboard 
shaft. The condensation is effected by the action of the water in the 
canal upon the exterior surface of the pipe outside the boat. The 
vacuum which is obtained by this means varies from 12 to 22 
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inches, depending upon the temperature of the water, quantity of 
Bteam used, etc. The water of condensation is, of course, returned 
directly to the boiler, and the necessity of supplying it from the 
muddy water of the canal entirely obviated. In the case of the 
' Baxter,' the loss from leakage was a little more than replaced by a 
trifling leak in a joint of the condenser pipe, outside the boat, through 
which a very small quantity of water was forced inward by the excess 
of external pressure. This is an important feature of the Baxter 
plan, as by it the accumulation of mud in the boiler is almost, and 
may be wholly, prevented. 

" The Baxter is propelled by two three-bladed true screws, 4Jfeet in 
diameter and 4 feet pitch, placed on each side of the stern, and revolv- 
ing toward each other at the bottom ; uniform motion of the two being 
secured by a cross-shaft and miter wheels. The disc area of the two 
screws is 14.^ square feet, or 14 per cent of the immersed midship 
section when the boat is loaded. 

" The reversing lever, throttle valve and steam whistle are all so 
arranged as to be within easy reach of the steersman, and the steam 
and vacuum gauges are so disposed as to be easily seen from the 
wheel, so that a single person may perform the duties of steersman 
and engineer at the same time ; the fireman being thus free to give 
^his whole attention and time to the fire, and to keeping the engines 
properly oiled. 

^^ The Baxter was launched about the 10th of August, 1872 ; made 
a preliminary trial trip on the 24th, and on the 27th of the same 
month left Newburgh for Buffalo on her first competitive trial trip." * 

JEstimate of cost of transporting wheat from Buffalo to New York 
on Erie Cqnaly on ^^ Boaster ^^ steamers, costing $6,500 eachj and 
making 10 roimd i/inps in 210 days, carryvag 210 tons easty and 
52 . 5 tons west, or onefov/rth eastward ca/rgo. 

Annual Expenses. 

Interest on cost of boat at 7 per cent $455 00 

Maintenance of boat and machinery, 15 per cent, 975 00 

Coal, 14 tons x 10 trips at $4 per ton 560 00 

Oil, tallow and waste, $12, x 10 trips 120 00 

Insurance on boat 32 50 

$2,142 50 

* Report of 1872 of D. M. Greene, Esq., engineer to the commission appointed to 
investigate the subject of steam on the canals. 
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Brought forward $3,142 60 

Cost of crew : 

One captain 7 months at $60 $360 00 

Two engineers 7 months at $37.50 625 00 

Two deck-hands 7 months at $30 420 00 

One cook 7 months at $10 70 00 

Board, 6 persons 210 days at 60 cents 630 00 

1,995 00 

Insurance on cargo $35 x 10 trips. ; 350 00 

Commissions $25 x 10 trips 260 00 

Wharfage and incidentals $30 x 10 trips 300 00 

Total $6,037 50 

Tons transported 495 miles east 10 x 210= 2, 100 

Tons transported 495 miles west, 10 x 52 . 5= 525 

2,625 

Cost per ton moved from Buffalo to New York, 495 

miles $1 92 

Cost per ton per mile from Buffalo to New York= 3 -j^ mills 

Cost per bushel of wheat moved 496 miles, from Buffalo cente. 

to New York 6.76 

Tolls per bushel, Buffalo to Troy 1.04 

Elevating charges in New York .60 

Trimming cargo , . . . . .16 

Total cost per bushel moved 496 miles and tranship- centi. 

ped at New York 7.45 

Cost per ton moved 496 miles, including one mill toll per 

mile for 346 miles (Buffalo to Troy) $2,266 

Cost per ton per mile, including above toll 4 -j^ mills 

Cable Towing. 

7%« J^elgicm System. 

" The system is simple, consisting of a wire cable laid on the bot- 
tom of the canal through its entire length, and fastened at the two 
extreme ends ; and a steam tow-boat, provided with an additional 
engine, to which is attached a clip-drum or gi'ooved driving wheel, 
with suitable guiding and tightening pulleys. Thus equipped, and 
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the boats to be towed made fast to the tow-boat, tlie process of tow- 
ing is performed by lifting the cable from the bottom of the canal by 
means of a grapple, and placing it over the clip-drnm. This drum is 
then put in motion (turned) by machinery in the tow-boat, causing 
the cable to pass over it without slipping, and fall back again into the 
canal at the stern of the tow-boat. Thus the tow-boat is drawn along 
the cable, and consequently through the canal, with the same facility 
that a locomotive is drawn on the rails, with this difference: the rail 
is stationary and the locomotive whed passes over it, while the cable 
is flexible and passes over the druiaP The accompanying drawing 
fully explains the system, and the Fowler clip-drum or pulley. 

In order to make a fair comparison between the cost of canal trans- 
portation by the several systems, it will be necessary to provide in 
the case of the Belgian system, for the equipment of the entire canal 
and for putting it in condition to do all the towing which the busi- 
ness of the canals requires. 

As a basis of estimate we shall assume an eastward movement of 
3,000,000 tons, annually, and a westward movement one-forth as 
great, or 750,000 tons; making an average annual tonnage movement 
of 3,750,000 tons. The season of navigation being taken at 210 days, 
the average daily shipments east from Buffalo, would appear to be 
iiA|.^^ojuL = 14,286 tons. The average cargo being taken at 230 tons, 
62 boats would seem to be required.to.leave Buffalo daily during the sea- 
son. As a matter of fact, however, a very considerable amount of freight 
moving east, reaches the canal, east, of Buffalo ; but, as business can- 
not be uniformly distributed, and as a maximum demand must be 
provided for, we shall take the number of boats starting east from - 
Buff'alo, at 60, in our estimate. 

Estimate of the oast of transporting wheat from Buffalo to New 
York, 495 iniles, by the Belgian or wire cable system ; assuming 
that 3,750,000 tons are transported per annum. 

1st. Estimate for 8 round trips per annum. Speed between locks 2.42 
miles per hour (see preceding table) ; or through the water running 
eastward, 2.42— .24 = 2. 18 miles per hour. Train composed of 3 
boats, each carrying 230 tons east and one-fourth cargo west. The 
traction for a single grain boat, towed at the rate of 2.45 niiles per 
hour through the water, was found by experiment to be about 524 
pounds. At a speed of 2.18 miles per hour through the water, the 
traction would be about 415 pounds. The resistance per train 
would be, therefore, 3x415= 1,245 pounds. Add 255 pounds 
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for the tow-boat and there results about 1,500 pounds as the 
total strain on the cable due to one tug with train. The effective 
horse-power required would be about 9.68 H P ; and the indicated 
horse-power required will not be far from 9.68 xf = 15 H P. 

The coal consumption would be about 6 pounds x 15 H P=90 pounds 
per hour, or about 1 ton per day. Considering the variable and 
various strains to which the cable would be subject from several 
trains more or less concentrated, and the wear and tear, the diameter 
should not be less than 1-J- inch, which will be sufficient to provide 
for such variations of speed as are likely to occur. The cost of 
such a cable would be 25 cents per foot, or $1,350 per mile for 
wrought iron, which is considered better for the purpose than steel. 

At a speed of 2.42 miles per hour, assuming that there will be no 
delay from waiting for tows at the locks, the time required to make a 
trip from Buffalo to Troy will be /^= 142.56 houre = 5.94 
days. The number of trains required would, therefore, be at least 
20 X 5.94 = 118.8 trains, say 120 each way, or 240 trains altogether, 
and the same number of tugs. 

Taking these estimates as a basis, the cost of equipment w^ill be as 

follows : 

Equipment — Tugs. 
240x110,000 :.. $2,400,000 00 

Add contingencies 50,000 00 

$2,450,000 00 
Cables, 690 miles, at $1,350 $931 , 500 00 

Fitting lock-gates 25,000 00 

Add laying cables and contingencies. . 43,500 00 

1,000,000 00 

Total equipment $3,450,000 00 

Daily Cost of TuGh. 
One ton coal, $4 $4 00 

One captain, $3 3 00 

Two engineers, $2.50 5 00 

One splicer, $2.50 2 50 

Two men, $1.25 2 50 

One cook, fifty cents 50 

Board for seven at fifty cents 3 50 

Oil and waste 2 00 






$23 00 



so 
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Life of cable 6 years. 

Sum to be annually invested to renew cables in 6 years at 7 pei 
cent = i^^^= $139,846. 

Tke annual cost of maintaining and operating tugs and cables, will 
therefore be : 

Interest on equipment, 7 per cent $241 j 500 00 

Two hundred and forty tugs, 210 days, at $23 1,159,200 00 

Maintenance of tugs, 10 per cent 240? 000 00 

Renewal^ cable 139,846 00 

Insurance of tugs, one-half per cent 12,000 00 

$1,792,546 00 



Tons transported, 3,750,000. Cost per ton, Buffalo 
to New York 

Annual Expense of each Boat Towed. 
Cost of boat 

Interest, 7 per cent 

Reserve fund to replace boat, in 10 years 

Repairs, 8 per cent 

Insurance on boat 



Crew, including board: 

One captain $90 

One steersman 20 

One deck hand 20 

One cook 10 



$140 X 7 trips=: 



River and harbor towage, $60 x 8 trips 

Commissions, $25 x 8 trips 

Insurance on cargo, $35 X 8 trips 

Wharfage and incidentals, $7x8 trips 



Annual cost fcfr one boat 



Tons transported in one boat eastward, 230 x 8 . . . . 
Tons transported in one boat westward, 57.5 x 8 . . . . 



Total tons per annum 



47.80 cts. 



,000 00 



$280 00 

289 60 

320 00 

20 00 



$909 60 



980 00 
480 00 
200 00 
280 00 
56 00 



$2,905 60 



1,840 00 
460 00 



2,300 00 
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Cost per ton, HMtP-= • $1 . 268 

Add cable towage = .478 

Cost per ton, Buffalo to New York, 495 miles $1 .741 

Cost per ton per mile 3^*^ mills. 

Cost per bushel of wheat, 495 miles 5 . 22 cts. 

Tolls per bushe), Buffalo to Troy 1 .04 cts. 

Elevating charges in New York .50 cts. 

Trimming cargo ^.15 cts. 

Total cost per bushel moved 496 miles and trans- 
shipped at New York 6.91 cts. 

Cost per ton moved 495 miles, including 1 mill toll 

per mile for 345 miles (Buffalo to Troy) $2.08^ 

Cost per ton per mile, including above toll 4^^ mills 

2nd. Nine round trips per annum ; speed, 3 . 2 miles per hour 
= 2.96 miles per hour through the water (east). Traction 
= 524 X -f^ffj == 763 pounds for a single boat. Traction 
per train of 3 boats = 763 x 3 = 25 289 pounds. 

Add for tug at above speed 400 pounds. 

Total traction = 2? 689 pounds. 

Effective horse-power required = 21^ H P. 

Indicated horse power about = 32 H P. 

Coal required per hour — 32 x 6 = 192 pounds = 2J tons per day. 

Equipment. 

Time required for 1 trip from Buffalo to Troy = ^ = 108 hours 
= 4J days. 

Number of tugs required = 20x4^x2 = 180 (20 trains per day 
each way). 

180 tugs at $10,000 $1, 800, 000 00 

Contingencies 40, 000 00 

Cable as before •l, 000,000 00 

Total for equipment $2, 840,000 00 



sc: 



The daily cost for tug would be increased by 1.3 tons of coal at 
$4 = $5.20, and would, for this case, be $28.20. 
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The annual cost of maintaining and operating cables and tugs will be : 

Interest on equipment at 7 per cent $198 > 800 00 

180 tugs at $28.20 per day, 210 days 1, 066, 960 00 

Maintenance of tugs, 10 per cent 180 1 000 00 

Renewal of cables 139, 846 00 

Insurance of tugs, one-half per cent. 9,000 00 

Total yearly cost $1 ,593,606 00 

Tons moved, 3,750,000. 

Cost of towing, per ton, from Buffalo to Troy, = $0,425. 

Annual expense for each boat towed : 

Maintenance of boat, as before $909 60 

Crew, including board, $140 x 7 980 00 

River and harbor towage, $60 x 9 540 00 

Commissions, $25 x 9 225 00 

Insurance on cargo, $35 x 9 315 00 

Wharfage and incidentals, $7x9 63 00 

$3,032 60 

Tons transported : Eastward, 230 x 9 = 2, 070 

Tons transported : Westward, 57.5x9 = 517.5 

2,587.5 

Cost per ton, WsV.V" = $1,171 

Add cable towing = . ^ 425 

Cost per ton Buffalo to New York, 496 miles $1,596 

Cost per ton per mile ^tWt "^^Hs- 

Cost per bushel of wheat moved 495 miles 4.79 cents. 

Tolls 1 .04 cents. 

Elevating 50 cents. 

Trimming .15 cents. 

^^■^^■■■■^^^^ ■HM^B^H^^HM* ^MkM^lM^i^lM^ 

6.48 cents. 

• = 

Cost per ton, 495 miles, including 1 mill toll $1 94 

Cost per ton per mile, including toll ^VW ^^il's- 

Coupled Boats. 
A large economy results from coupling boats on the plan adopted 
on the Pennsylvania canals, whether steam or horse power is used 
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The boats being fastened in pairs close together, one ahead of the other, 
the total resistance is much less than for two single or separated boats ; 
and, besides, the number of the crew can be very nauch reduced below 
what is required for two such boats. 

General Wistar, president of the Pennsylvania Canal Company, 
in treating of this subject in his report for 1874, says : " The freight in 
single boats exceeded that in double boats exactly 25 per cent, 
besides, which, a considerable profit included in interest charged 
upon capital invested in boats, was earned on the boat rents, which is 
included in the above estimate of cost. This cost would be further 
reduced by the exclusive use of double boats." It is evident that 
most of the advantages of an enlarged boat are secured by coupling 
two ordinary boats in this manner ; both boats can be steered with one 
wheel, and can pass sharp curves with the same ease as single boats. 
The accompanying sketches, taken from the pamphlet of the patentee, 
Mr. William Frick, of Chester, Penn., fully explain this mode of 
coupling boats, and deserve the careful attention of those engaged in 
canal transportation. 

Estimate of east of Transporting Wheat from Buffalo to New 
Yorky in Coupled Boats moved hy steam-power. 

1st. Nine round trips per annum; speed over ground, between locks, ^ 
2.54 miles per hour, or through the water 2.54 — .24 = 2.30 miles per 
hour. 

The single Baxter steamer, in 1873, made a speed of 3.26 miles 
per hour over the ground, with a coal consumption of 617 pounds, . 
over a distance of 34 miles in 12 hours. This is at the rate 
of ^^ = 18.15 pounds per mile, or 50 pounds per hour, or 
1,200 pounds per day. In 1872 the mean annual rate? was 31.04 
pounds per mile (see report of engineer to commission on steam on 
the canals), and the mean speed was about three miles per hour over 
the ground; this gives about 93 ponnds of coal per hour, or 
2,232 pounds per day. The improvements added in 1873 very 
materially reduced the rate of consumption of coal, as is evident from 
the above comparison. The smaller rate, 18.15 per mile, is, however, 
considered exceptional, and due to extraordinary care in firing during 
the trial trip. The practical rate for this speed is from 25 to 31 
pounds per mile. 

From the above results, it will evidently be entirely safe and fair 
to take the rate of consumption of coal at one ton per day for the 
steamer alone. The resistance of the coupled steamer and boat will 
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aot exceed two-thirds that of two similar single boats, and the coal 
consumption can therefore be taken at about 1-J tons per day. The 
running time will be ^^ SJJJ — 6 (days in port) — 17.38 days ; coal, 
1.5 X 17.33 = 26 tons per trip. 

First cost : 

Steamer $6,500 00 

Consort 4,000 00 

Total $10,500 00 

Annual expense : 

Interest on investment 7 per cent $735 00 

Maintenance, 15 per cent 1 , 575 00 

Coal, 26 tons x 9 trips, a $4.00 936 00 

Oil," tallow and waste, $12.00 x 9 108 00 

Insurance on steamer, one-half per cent 32 50 

Insurance on consort 20 00 

$3,406 60 

Captain and crew of steamer, and board 1,995 00 

Crew of consort, and board, $140.00 x 7 980 00 

Insurance on cargoes, $35.00 x 2 x 9 630 00 

Commissions, $25.00 x 2 x 9 . . . '. 450 00 

Wharfage and incidentals, $30.00 x 9 + 7 x 9 . . . 333 00 

Total annual cost , $7,794: 50 

Tons transported 495 miles : 

East, (210 + 230) x 9 3, 960 

West, (210 + 230) i x 9 990 

Total tons moved 495 miles 4,950 

Cost per ton, 495 miles $1 . 574 

Cost per ton, per mile 3 -j^ mills. 

Cost per bushel wheat, 495 miles 4. 72 cts. 

Tolls, Buffalo to Troy 1.04 cts. 

Elevator charges in New York .50 cts. 

Trimming .15 cts. 

Total cost per bushel, moved 495 miles and 

transhipped at New York 6 . 41 cts. 
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Cost per ton J including tolls $1 . 92 

Cost per ton per mile, including tolls (Buffalo to 

Troy) 3.88 mills. 

2d. Ten round trips; speed 3.20 miles over ground, 2.96 miles 

through water, per hour. , 

Coal per day 1.5 xf:f|5 = 2.5 tons per day for 15 days = 

37.5 tons for round trip. , 

Annual cost : *' 

Interest and maintenance as before $2, 310 00 

Coal, 375 tons, at $4 1,500 00 

Oil, tallow and waste* $12 x 10 120 00 

Insurance on steamer 32 60 

Insurance on consort 20 00 

$3,982 50 

Crew of steamer and board 1, 995 00 

Crew of consort and board 980 00 

Insurance on cargoes $35X2 x 10 700 00 

Commissions $25 x 2 x la 500 00 

Wharfage and incidentals $30 x 10 + 7 x 10 370 00 

Total annual cost $8,527 50 

Tons transported 495 miles : 

East (210+230) x 10= 4,400 

West (210 + 230) xix 10= 1, 100 

Total tons moved 495 miles 5,500 

Cost per ton moved 495 miles $1 . 55 

Cost per ton per mile 3^?^ mills. 

Ontg 

Cost per bushel wheat 495 miles 4.65 

Tolls, Buffalo to Troy 1.04 

Elevator charges. New York .50 

Trimming .15 

Total cost per bushel, moved 495 miles, and tran- 
shipped at New York 6 . 34 

Cost per ton, including tolls $1.89^ 

Cost per mile (B. to N. Y.) i 3.83 cts. 
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TABLE showing the estimated costs of transportation of freight 
between Buffalo arid New Yorkj hy various modes of m>ovenient 
{summa'i^y of preceding estimates) : 
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1 
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By animal power 

By Baxter steamers 

By Belgian system 


$1,896 
1.92 
1.741 
1.696 
1.574 
1.56 


mills 
8.83 
8.86 
8.63 
8.32 
3.18 
3.13 


cents. 
5.688 
5.76 
5.32 
4.79 
4.78 
4.65 


$2.24 
2.265 
3.065 

• 1.94 
1.92 
1.895 


mills. 
4.58 
4.58 
4.21 
3.92 
3.88 
8.88 


cenlk. 
7.878 
7.45 
6.91 
6.48 
6.41 
6.84 


99. 
100. 
92.7 


4 
6 
6 


By Belgian system 

By steamer and consort . . . 
By steamer and consort . . . 


87. 
86. 
85.1 



Freights per Bushel for Season op 1877. 

Average. 

Wheat 

Chicago to Buffalo ^ ^. . 3.67 cts. 

Buffalo to New York 7.39 cts. 

« .— ^ 

Chicago to New York 10.96 cts. 



Com. 

3.23 cts. 
6.38 cts. 

9.61 cts. 



From September 1, to Close of Navigation. 

Wheat. Com. 

Chicago to Buffalo 4.63 cts. 4.02 cts. 

Buffalo to New York 9.53 cts. 8.08 cts. 

Chicago to New York 14.16 cts. 12.10 cts. 



In considering the results of the foregoing estimates, and in com- 
paring them, successively, with estimated cost of movement by 
animal power, as at present employed, it will be observed that the 
Baxter steamer, making 10 round trips the season, accomplishes a 
given result at a slightly greater cost than the horse-boat ; that, in 
the case of the Belgian system, towing trains of 3 boats, and the 
towed boats making either 8 or 9 round trips, the same result 
is obtained at a cost of from half a cent to a cent per bushel less than 
by either of the first two modes mentioned ; and that, by the 
steamer and consort system, the boats making 9 or 10 round 
trips, the same result is accomplished, at a cost about 1-J- cents per 
bushel cheaper than by the horse-boat or Baxter steamer singly. 
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In relation to the several modes of transportation considered, the 
following remarks seem appropriate : 

1. Animal power. — Seven round trips the season, being rather more 
than the best average performance, the cost deduced may be regarded 
as the minimum limit. 

2. Baxter steamers, — The above estimate, it is thouglit, fairly rep- 
resents the cost of towing by single steamers of improved model. In 
estimating the tonnage moved, the same ratio of westward to eastward 
cargoes, one-fourth, is used for each mode, this is fixed by the ratio 
of the aggregate westward to the. aggregate eastward tonnage. It is 
true that a few steamers may temporarily secui'e the advantages of a 
larger westward tonnage than corresponds with this ratio, but it is 
quite evident that no general system can, for even the railroads do not 
much exceed it. 

It is evident that the " Baxter " or single steamers, can successfully 
compete with the horse-boats, only in case their increased speed on the 
canals, — making a difference of about 5 days per trip from Buffalo 
to New York, — should prove a sufficiently important advantage. As 
merely a cheap mode of transportation it is doublful whether they 
can compete with animal power. 

3. The Belgian system. — In this case it has been assumed that the 
entire canal has been fully equipped with cables and tugs, and that the 
entire business of the canals is done by this system. It is clear 
that, for any other condition, the actual cost would be greater than 
our estimate. In other words, the results given may be regarded as 
the most favorable exhibit that we are warranted in making for this 
system. The difficulties and delays in passing locks are of a serious 
character, and it is not thought to be practicable to tow more than 
three boats in one train with economy. There are also difficulties 
connected with the cables, such as entanglements, kinks, and break- 
ages, wliich must all be considered in estimating the practicability of 
this system. The system has, however, been tried with some success 
on rivers and canals in Europe ; and it may be that this system, applied 
to some of the longer levels, only, and employed in conjunction with 
animal power on the short levels, might prove remunerative, and at 
the same time slightly reduce the cost of transportation. 

In any event, however, whether it be proposed to employ this 
system upon the whole, or upon only a part of the canal, it is believed 
that its introduction should be left to private enterprise. 

4. T/ie Steamer and Consort. — This system is not only entirely 
practicable, but it is within the reach of boatmen or others of ordinary 
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means, and it certainly gives promise of ultimate success if judiciously 
managed. It admits of gradual adoption and a healthy growth. 
The consort may be the ordinary horse^boat at first, and until the 
boats of that class now in existence shall have gradually died out 
and been replaced by boats of more suitable model. 

Experiments with Dtnamometeb. 

During the latter portion of the season a series of experiments with 
the dynamometer were begun, in order to determine the tractive force 
required to move canal boats at different speeds. Owing to the late- 
ness of the season it was not possible to carry them sufficiently far to 
establish a reliable formula expressing the relation between velocity 
and resistance. Some very important facts, however, were established. 
The following table of the results of the experiments is given, with 
the caution that the experiments were of a preliminary character and 
not sufficiently accurate in all cases to determine the mathematical 
laws involved. 

The experiments were made with the ordinary boats, towed both 
by horse-power and steam tug. A remarkable difference appears 
between the resistances of the boats towed by horse-power and the 
boats towed by the steam tug. The resistance of the boats when 
towed by the steam tug (an ordinary screw propeller), is seen to be 
about 1.40 times that of the horse boats for a speed of 1.40 miles per 
hour ; and 1.80 times that of the horse boats for a speed of about 
2.50 miles per hour. The length of hawser or towing-line used was from 
250 to 300 feet, or as long as is generally practicable on the canals. 
This increased resistance is due entirely to the rapid current thrown 
back by the propeller in the confined water-way of the canal. These 
experiments demonstrate the impracticability of economically towing 
on the canal with ordinary tug-boats. The experiments with two 
boats coupled together, one ahead of the other, were made with the 
tug-boat, and were sufficiently accurate to base a formula upon them, 
expressing the law of the resistance and speed under such conditions. 
They show a great reduction in the resistance of coupled boats below 
that of two single or separated boats. The difference is abput 800 
pounds for a speed of 2^ miles per hour ; in other words, two 
single boats require a traction force of about 2,700 pounds, and 
two coupled boats only 1,900 pounds, at this rate of speed on the old 
canal. This difference is much less at lower rates of speed ; at a speed 
of about 1.8 miles per hour, it is about 319 pounds, 1,489 pounds being 
required for two single boats, and 1,170 pounds for the coupled boats; 
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»d, 



S. 

A, 



Component 

parallel to 

motion of 

boat, lbs. 



SOT.O 
804.8 
354.4 
435.1 
604.8 



ResiBtance 

or tractive 

force per 

8<][aarc foot, 

immersed 

section. 



18.5 
3.90 
8.47 
4.14 
4.T4 



13.60 
10.42 
11.69 
11.70 
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Walker — Leoeth. 
i^h. 



86 feet 

Width 14 '• 

Lightweight 54,000 Ibd. 

No cargo. 




S. B\'anB — Length 95 feet. 

Width 17^ " 

Draft 6 ** 

Light weight l»,000IbB. 

Weightcargo 459,600 ♦* 

Weight at weigh-lock 686,000 



ik 



A. H. Smith — Length 96 Ibet 

Width 173<r »• 

Draft 6.d " 

Weightcargo 484,8101b8. 

Weight light 119,000 



(( 
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T. C. Davlfl — Lencfh 94 feet. 

Width 17^ " 

Draft 6.1 ^ 

Weightcargo 460,900 lbs. 

Welghtllghl 116,00 *• 

676, 800 lbs. 

Freddie — Length 94 feet 

Width Xiyi *• 

Draft 6.3 ** 

Weightcargo 479, 940 lbs. 

Weight light 188,800 " 

Weight at weigh-lock 608,000 



ti 



O. W. Perkins — Length 96 feet 

WiSh 17^ " 

Draft 6 ** 

Weightcargo 478,600 Itat 

Weightlight 188,600 •• 



R. W. Stroud — 

Length 99 feet 

Width 17V *» 

Draft 9.9 



\\ 



619,900 Ibt. 

F. Brodoek^LenffCh.... 98 fbet 
Width .... 17V " 
Draft 6jr '* 

.Weightcargo 858, 100 lbs. 

Weightlight 190,000 ** 

473,100)b8. 
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at a speed of about two miles per hour, the difference is aboat 530 
pounds, 2,948 pounds for two single boats, and 1,518 pounds for the 
coupled boats. It was not possible to make similar experiments within 
the available time with the horse boats thus coupled. It is to be 
remarked that, although the canal boats used in these experiments 
were nearly of the same tonnage and shape, the condition of the sur- 
faces exposed to the friction of the water was necessarily variable, and 
the cross-section of the prism was also variable, which will account 
for some of the apparent discordances of the tables. 

It appears from the table that the resistance of an ordinary grain 
boat with full cargo, weighing, in gross, 293 tons, and towed by horse- 
power, is 316 pounds for a speed through the water of 1.44 miles per 
hour = 126.8 feet per minute, taking the results of the trial with the 
" S. Evans." This speed through the water is about the average for east- 
ward bound boats ; these have the benefit of the general eastward 
current of the canal, which is about one-fourth of a mile per hour, 
making the average speed, over the ground between Buffalo and Troy, 
about If miles per hour, as before stated. 

Work op Canal Hobses. 

It thus appears that the work thrown upon each canal horse is 
^JA X 126.8 = 20,034 pounds-feet per minute, or -j^ horse-power, or 
for a whole day of twelve hours (6 hours on and 6 hours off) 
14,424.480 pounds-feet. By comparing this result with the following 
deductions of General Morin, and other high authorities, it will be 
seen that our canal horses, which are of small size, are overtaxed. 

"Now, from the results of direct experiments upon the work 
developed by horses employed in other modes of transportation, some 
of which are inserted in the following table, we see that horses 
employed in hauling fast boats develop per second, during their 
service, a quantity of work more than triple as a mean of that of the 
carriage horse, and equal to one and a-half times that of the diligence 
horse, which occasions excessive fatigue, producing diseases of the 
lungs, of which they nearly all die. In exceptional cases, where the 
wave is in front, we have said that at a velocity of 13.84 feet, the 
resistance has sometimes equaled 617 pounds, which exacts from each 
horse an effort of 205.66 pounds, and the excessive work of 205.66 
pounds X 13.84 feet = 2,846 pounds-feet in one second, during a 
time of more than one or two minutes, whence results straining of the 
hams and other accidents. 



60 



Rbpobt of thb Statb Ehoinbbb and Subvktob 



'»>* 



*»a 



d 



I 

s 

I 



/•^ 






. 8 

5 s 



s § 
s § 



9 8S 
S SP 



^ 









8 






8 8 

8 S 



8 SS § 









u 



^ s s s§ 



*• «0 



s s 



a oiee 



s, 



1^ 

• 



S s 



JO 



11 



N 



9 

II 



S5S 

II ". 



s 



«eS 


^ 


SS 


ss 


e- 


lO 


ef 


id^ 



a 






o 

Si 

i 

O 

H 
P 
O 



2 S 

i 



o 



I 

§ 

a 
a 

S 



8 

a 
9 



t a 



I 



«8 



ON THE Canals of thb State. 61 

" These examples show how the work developed by animal motors 
may vary, but at the same time they enable us to see that when we 
exact, but for a short period, an unusnal work, it is at the sacrifice of 
the daily work which may be obtained from animals, without fati- 
guing them beyond measure, or speedily ruining them. Thus in the 
service of the mail boats from Paris to Meaux, the distance run for 
each relay was at a mean 12,375.5 feet, which was accotnplished 
twice a day, by horses, on the ascent, and twice a day at the descent, 
^d consequently, according to the values previously found for the 
resistance, the day's work of a horse in the district of Meaux, was : 

At the ascent, 93.91 x 2 x 12,375.5 = 2,324,366 lbs. ft. 

At the descent, 74.2 x 2 x 12,375.5 = 1 ,836,524 lbs. ft. 

Total 4,160,890 lbs. ft. 



But as each relay was accomplished by four horses, one of which 
rested for four days, the mean daily work was but 0.76 of the preced- 
ing result, or equal to 3,130,667 lbs. ft., while the table shows us 
that by the other modes of transportation, and without an excessive 
fatigue, which quickly ruins the horses, we may obtain as a mean for 
a day's work of a draught horse 12,758^606 pounds-feet, that is to 
say, a work four times as great as that obtained, with considerable 
loss, from horses used for hauling the mail boats of the canal 
de 'lOurcq." (Morin's Mechanics, Bennett.) 

Messrs. Boulton and Watt estimated the power of a dray horse to 
be 33,000 lbs. ft. per minute for 8 houre a day. 

Tredgold estimated the work of a horse to be 27,000 lbs. ft. per 
nXinute, for 8 hours a day. 

Simms tested the labor of hoi*ses in raising water : 

23,412 lbs. ft. per minute for 8 hours a day. 
24,360 lbs. ft. per minute for 6 hours a day. 
27,056 lbs. ft. per minute for 4J hours a day. 
32,943 lbs. ft. per minute for 3 hours a day. 

He preferred the performances for 6 and 3 hours a day as unob- 
jectionable to the health and durance of the horses. 

Kennie found that a horse weighing 11 cwt. could draw a canal 
boat at' a speed of 2^ miles per hour, with a pull of 108 lbs., over a 
distance of 20 miles per day = 23,760 lbs. ft. per minute. He 
estimated the average work of horses to be 22,000 lbs. ft. per minute, 
strong and weak. 
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Beardmore found that a horse eight years old, weighing lOf cwt., 
did 39,320 lbs. ft. per minute for 8 hours a day. The maximum 
effect of au average horse, is about 26,000 lbs, ft., for 8 hours. The 
Bedford (England) experiments gave 20,000 lbs. feet per minute. 
(Manual of Rules, etc., D. K. Clark, p. 720.) 

Great benefits would accrue to both the horses and their owners if 
the divided capital now invested in horses owned by a large number 
of individuals, were aggregated under one or a few large companies. 
A large company can afford to treat their horses more generously 
than individuals. In times of depression their resources will enable 
them to tide over their business until more prosperous times without 
wearing out or using up their horses by overwork. This, indi- 
vidual owners, unless possessing considerable capital, cannot afford to 
do, for the necessities of a bad season will oblige them to overwork 
their animals, which are then kept reduced in numbers. Horses can 
be fed more cheaply by a large company, for food is cheaper when 
purchased in large quantities and the outlay per horse for stable room, 
labor, etc., is also much less. The horses should not be stabled on 
the boat; they wili do a great deal more work without injury if 
stabled during resting hours on shore in proper buildings. 

If the horses and mules could be saved from galled shoulders by 
the introduction of improvements in their harness, not only would 
the animals be saved from great suffering, but they would perform a 
very much larger amount of work. This is a diflBcult problem as 
long as the animals are so severely taxed and are obliged to bear such 
intense and constant pressure against the shoulders as they do now. 

" The condition in which the horses employed on the canals are 

kept is very bad economy, to say nothing of its being a disgrace to 

our civilization." 

Respectfully submitted. 

JOHN D. VAN BUREN, Jb., 

State Engineer omd Sn/rveyor. 



APPENDIX. 



TABLE of expenditures hy superintendents for ordinary repairs^ 
showvng the several purposes thereof for the past four years. 



ERIB CANAL — EASTERN DIVISION. 

OOTOBBB AND NOVEMBER. 



Lock tending 

Labor 

Materials , 

Merchants and mechanics 

Miscellaneous 

Clerk hire 

Saperintendent 



1873. 



$17,200 68 

29,846 44 

12,905 08 

8,606 17 

490 41 

750 00 

1,250 00 



$66,049 68 



1874. 



$16,687 89 

29, 736 97 

14,707 78 

7, 612 85 

160 98 

600 00 

1,000 00 



$70, 506 47 



1876. 



|15, 647 07 

35,206 77 

14, 186 77 

7,204 30 

1,319 77 

750 00 

1,250 00 



$75,564 68 



Dbgbiibbb and Janttabt. 



Lock tending 

Labor 

Materials 

Merchants and mechanics 

Miscellaneous 

Clerk hire. 

Superintendent 



Fbbbvabt and Maboh. 



Contract, John Brown 

Lock tending 

Labor 

Materials 

Merchants and medianics. 

Miscellaneous 

Clerk hire 

Superintendent 



1874. 



$4,808 20 

2,064 11 

569 57 

25 00 

875 00 

1,000 00 



$8,841 88 



1876. 



$1,166 00 

'*8,'286*84 

6,077 87 

1,558 68 

286 75 

675 00 

1,260 00 



$18,284 64 



1876. 



$6,785 12 
411 49 

1,659 83 
161 70 
675 00 

1,187 60 



$10,870 64 



Afbil and Mat. 



Contract, John Brown 

Lock tending 

Labor 

Materials 

Merchants and mechanics, 

MiscellaneonB 

Clerk hire , 

Saperintendent 



$7,821 36 

86,722 35 

7, 126 94 

6,989 51 

70 55 

637 60 

1,000 00 



$58,867 21 



$8,897 64 

4,092 94 

45,363 84 

13,051 17 

8.890 09 

282 44 

760 00 

1,212 97 



$77,491 09 



$812 86 
6,081 64 
60,652 16 
7,767 78 
7,977 78 
1,004 54 
600 00 
1,000 00 



$76,846 11 



Jvnb and Jult. 



Contract, John Brown .... 

Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous. 

Clerk hire 

Saperintendent 



$17,150 00 

21,287 91 

10,618 14 

9, 132 66 

96 09 

600 00 

1,000 00 



$69,879 70 



$2,261 78 

14,020 74 

22,984 11 

17,400 86 

4,227 54 

232 01 

726 00 

1,208 67 



$68,060 16 



$15,088 22 

21,099 46 

6,092 66 

3, 102 86 

256 03 

600 00 

1,000 00 



$47,284 12 



1876. 



$14,884 84 

44,229 87 

12,391 03 

5,711 10 

128 46 

600 00 

1,000 00 



$78,939 80 



1878-74. 


• 

1874-76. 


1876-76. 


1876-77.. 


$4,969 03 

26,060 28 

. 6,779 40 

1,765 80 

496 92 

862 50 

1,337 60 


$975 50 
7,826 60 
8, 814 07 
2,017 78 
136 10 
625 00 
1,000 00 


$1,520 87 

15, 098 44 

11,266 23 

1,944 86 

583 39 

750 00 

1, 250 00 


$814 93 

11,049 98 

13,811 70 

1,740 26 

192 77 

600 0(1 

1, 000 00 


$41,279 88 


$15,796 00 


$82,868 79 


$28,709 64 



1877. 



$6,581 89 

8,807 64 

2,476 82 

287 86 

600 00 

1,000 00 



$14,764 21 



$8,887 87 

24,281 09 

14,906 62 

6,295 85 

148 68 

680 64 

800 00 



$60,845 76 



$9,406 00 

17,315 99 

10,428 68 

4,746 18 

191 79 

600 00 

800 00 



$48,490 64 
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- ERIE CANAL — EASTERN BIVISXON — (ObflMniMl). 

August and SBFTfeMBiB. 



1874. 



Locktending 1 $16,384 68 



Labor. 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



Total 



15,860 57 

3,651 44 

1, 533 44 

159 41 

600 00 

1,000 00 



$37,039 48 



$370,947 68 



1876. 



$18, 135 45 

25,543 17 

7,426 46 

4,723 13 

430 13 

750 00 

1,350 00 



$53,337 38 



$398,874 68 



1876. 



$18,066 00 

19,384 74 

3,675 96 

4,331 70 

478 69 

600 00 

1,000 00 



$41. 536 11 



$383,405 46 



1877. 



$9,440 00 

19,864 63 

17,057 35 

4,335 35 

173 33 

600 00 

800 00 



$53.159 65 



$368,899 59 



ERIE CANAL — MIDDLE DIVISION. 

OOTOBBR Aia> NOYBIIBSB. 





1873. 


1874. 


1876. 


1876. 


LoQk tending 

Labor 

Materials 


$960 00 

18,378 36 

6, 693 95 

1,431 18 

363 44 

400 00 

760 00 


$3,398 00 
6,606 18 
934 88 
650 07 
87 34 
460 00 
750 00 


$8,340 00 
6, 159 50 
810 63 
483 78 
31 87 
460 00 
750 00 


$1,949 33 

14,699 54 

1,409 10 


Merchants and mechanics 


431 41 


Miscellaneous 

Clerkhire 

Superintendent 


60 45 
300 00 
750 00 




$88,860 98 


$10,634 81 


$9,915 38 


$19,599 83 



Dbobxbbb and Januabt. 



Lock tending 

Labor , 

Materials 

Merchants and mechanics 

Miscellaneous 

Clerk hire , 

Superintendent 



Fbbbuabt and Maboh. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



1874. 



$751 80 

11,995 56 

146 63 

10 75 

450 00 

750 00 



$14,104 74 



1875. 



$943 68 

896 97 

16 15 

33 00 

450 00 

750 00 



$3,677 75 



1876. 



$20 00 
937 89 
683 79 
36 89 
850 
663 50 
937 60 



$8,186 07 



Apbil and Mat. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

MiFcellaneous 

Clerkhire 

Superintendent 



1873-74: 


1874-75. 


1875-76. 


1876-77. 


$141 33 
8,976 84 
3,639 76 
139 61 
413 09 
500 00 
937 50 


$97 39 
1,769 87 
988 01 
355 68 
35 88 
450 00 
750 00 


$161 87 

3,543 04 

64 66 

138 88 

17 87 

450 00 

750 00 


■*"$i,'336'85 

4,088 57 

343 99 

63 35 

800 00 

760 00 


$9,737 13 


$4,836 83 


$4, 104 81 


$6,666 76 



1877. 



$1,168 76 

1,385 30 

838 59 

63 83 

800 00 
760 00 



$8,818 86 



$1,035 93 


$517 93 


$668 96 


$471 69 


13,437 70 


8,610 43 


17,456 86 


9,940 66 


1,393 31 


2, 292 23 


3, 161 94 


3,561 03 


1,049 96 


2,702 86 


1,753 45 


611 34 


34 15 


36 07 


313 96 


46 13 


460 00 


450 00 


800 00 


375 00 


760 00 


750 00 


635 00 


600 00 


$17,089 94 


$15,859 49 


. $33,175 16 


$14,496 68 
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BBIB CANAL— MIDDLE DIVISION — (OMUIiMlitf). 

JWKE AHD JUIiT. 



Lock tending. 

Labor 

Materials. , 

MerchantB and mechanics 

MiscellaneouB 

Clerk hire 

Saperintendent 



1874. 



$8,166 00 

6,606 08 

2,299 75 

826 69 

20 80 

800 00 

760 00 



$12,868 82 



1875. 



$2,240 00 

7,618 iD4 

1,444 34 

1,595 15 

12 77 

450 00 

.750 00 



$14, 110 SO 



1878. 



$1,840 00 

9,290 91 

1,549 16 

889 52 

42 68 

800 00 

875 00 



$14^787 22 



AueUBT AND SXPTUCBBB. 



Locktending , 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Saperintendent 



Total., 



$2,830 00 

6,618 41 

1,976 24 

768 84 

46 80 

600 00 

750 00 



$11,989 79 



$89,091 83 



$2,240 00 
7,611 28 
757 87 
811 12 
17 19 
460 00 
750 00 



$12, 187 46 



$69,136 04 



$1,840 00 

10, 126 81 

1, 156 13 

442 28 

52 06 

800 00 

750 00 



$14,666 78 



$60,774 82 



1877. 



$965 60 
5,073 62 
994 40 
324 12 
188 96 
300 00 
400 00 



$8,266 60 



$1, 160 58 

6,966 02 

1, 178 99 

844 93 

76 87 

800 00 

400 00 



$9,727 84 



$62,568 02 



EHIE CANAL- WBSTBBN DIVISION. 

OOTOBBB AHB NOYXlOaB. 



Locktending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneoos 

Clerk hire.. 

Superintendent 



1878. 



$6,211 82 


22,519 44 


6,550 14 


2,^8 82 


241 65 


750 00 


1,250 00 



$89,201 87 



1874. 



$6,525 06 


18,060 95 


18,246 93 


8,544 78 


543 03 


600 00 


1,000 00 



$48,640 77 



1875. 



$5,254 70 


9,796 50 


4,566 76 


1,088 01 


567 07 


462 50 


750 00 



$32,476,58 



DBGBKBEB A3XD JaNUABT. 



Locktending... 

Labor , 

Materials 

Merchants and mechanics 

Hiscellaneons , 

Clerkhire , 

Saperintendent 



Fbbbuabt ahd Mabob. 



Locktending 

Labor 

Materials 

Merchants and mechanics 

hiscellaneons 

Clerkhire 

Saperintendent , 



1876. 



$5,081 85 
23,209 16 
7,350 71 
2, 115 78 
1,502 68 
600 00 
1,000 00 



$40,809 68 



187a-74. 


1874-7S. 


1876-76. 


1876-77. 


$214 78 
9,486 11 
4,637 82 
1,726 82 
268 46 
912 50 
1,620 88 


$189 26 

4,819 71 

2,458 56 

864 02 

285 80 

600 00 

1,000 00 


$192 89 

2,636 87 

1,624 10 

66 14 

840 90 

800 00 

760 00 


■*"$4,*969'66 

8,176 42 

1,822 60 

851. 88 

600 00 

1,000 00 


$18,766 76 


$10,167 84 


$6,709 40 


$11,859 41 



1874. 


1876. 


1876. 


1877. 


$2 40 

4,094 60 

1,560 63 

811 82 

111 20 

600 00 

1,000 00 


"'$2,'886'60 

• 1,469 77 

735 91 

181 36 

600 00 

1,000 00 


"$946*86 
276 67 
265 90 
1,580 10 
837 50 
687 50 




$4,221 96 

4,174 67 

2,119 69 

241 01 

637 60 

1,063 62 


$8,170 15 


$6,813 68 


$4,068 58 


$12,467 28 
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- EBIB CANAL- WESTERN DIVISION -(OmUiMMf). 

APKit AND Mat. 



Lock tonding 

Labor 

Materials 

Merchants and mechanice 

Miscellaneous 

Clerk hire 

Superintendent 



1874. 



|S,894 17 

41,498 87 

6,806 77 

6,866 89 

210 05 

643 54 

1,072 54 



$59,921 88 



1876. 



$1,610 76 

24,889 21 

4,884 11 

4,849 67 

618 42 

680 00 

1,000 00 



$87,777 17 



1876. 



f2,192 14 
9, 189 70 
6,781 26 
6,687 66 
764 84 
800 00 
1,000 00 



$44,816 10 



Jumt ANB JlTLT. 



Breaks at Palmyra and Lock Berlin, 

Lock tending 

Labor 

Materials 

Merchants and mechanics 

Miscellaneous 

Clerk hire 

Superintendent 



$5,950 42 

18,874 S8 

9,181 52 

6,425 79 

872 60 

600 00 

1,000 00 



$42,404 61 



$18,006 77 

5,817 05 

15, 104 56 

1,608 02 

4,628 88 

661 66 

600 00 

• 1,000 00 



$42,821 7^ 



$2,810 00 
19,669 88 
1,888 26 
2,017 26 
1,002 44 
600 00 
1,000 00 



$28,857 79 



AneusT and Siptbhbkb. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent .'. 



Total. 



$6,086 66 

16, 245 70 

2,716 79 

2,865 60 

710 16 

610 00 

1,000 00 



$80,234 81 



$198,699 48 



$5,672 94 

11,944 08 

4,373 60 

2,335 80 

597 63 

460 00 

937 50 



$26,711 06 



$166,821 74 



44,716 18 

20,140 18 

16,390 27 

2,273 39 

388 58 

450 00 

1,000 00 



$44,358 46 



$160,804 80 



1877. 



$1,861 96 

19,003 42 

4,917 52 

8,646 OU 

466 16 

670 00 

778 83 



$80,687 41 



$8,884 92 

14,140 17 

6,875 46 

2,077 08 

465 97 

600 00 

800 00 



$27,848 60 



$8,862 60 

17,065 77 

7,181 75 

2,672 65 

662 22 

600 00 

850 00 



$82,744 89 



$156,862 22 



CHAMPLAIN CANAL — SECTIONS 1, 2, 8. 

OOTOBEB AND NOYBUBXR. 



Lock tending 

Labor 

Materials 

Merchants and mechanics 

Miscellaneous 

CTerk hire 

Superintendent 



1878. 



$5,819 68 

17,988 44 

13,085 90 

3,323 81 

548 14 

450 00 

750 00 



$41,960 92 



1874. 



$6,270 00 

14,251 56 

9,742 21 

5,089 31 

8,115 94 

800 00 

500 00 



$38,269 01 
—\ 



1876. 



$6,892 67 

18,846 12 

8,486 77 

2,000 97 

254 84 

460 00 

750 00 



$81,181 87 



DaOElCBBB AND JaNUABT. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



1878-74. 



$488 67 
8,284 85 
4,286 66 
1,478 70 

486 15 

487 50 
875 00 



$16,886,03 



1874-76. 



$400 38 
3,056 16 
6,778 60 
988 97 
881 20 
800 00 
500 00 



$12,899 81 



1876-76. 



$283 80 
4,152 93 
4,188 96 
662 60 
118 05 
450 00 
750 00 



$10,606 23 



1876. 



$6,808 16 

16,082 17 

6,658 65 

2,813 61 

184 23 

450 00 

750 00 



$82,296 82 



1876-77. 



$166 38 
3,667 44 
1,809 02 
606 81 
282 44 
460 00 
750 00 



$7,628 04 
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CHAMPLAIN CANAL — SECTIONS 1, 2, Z-^(0imUnu64), 

FSBBUABT AND MaBCH. 



P 


1874. 


1876. 


1876. 


isrr. 


Lnck tfliifling. a .. X X 




*"$2,*812*67 

1,719 48 

519 73 

44 60 

225 00 

625 00 


* $1*641 "id 
2,802 76 
427 96 
169 11 
460 00 
750 00 




Labor ". 


$4,859 90 

3,455 11 

1,014 70 

17 97 

225 0<^ 

562 50 


$2,649 43 


Materials 


802 28 


Merchants and mechanics 


526 05 


Miscellaneoas 

Clerk hire 

Saperintendent 


108 75 
450 00 
750 00 








$10,136 18 


$5,946 28 


$6,741 73 


$6,876 51 



April Ain> Mat. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneons 

Clerk hire 

Saperintendent 



12,481 70 

28,057 35 

3,707 07 

4.261 90 

133 05 

300 00 

600 00 



$89,441 07 



51,887 85 
7,022 27 
7,627 97 
8,647 26 
251 18 
450 00 
750 00 



$41,135 97 



$2,834 06 

84«786 04 

4,903 06 

3,811 20 

178 07 

450 00 

750 00 



$47,712 39 



$1,774 60 

19,727 11 

10, 107 87 

4,960 46 

191 78 

450 00 

600 00 



$37,77182 



Jjnm Am) Jult. 



Lock tending..... 

Labor 

Materids 

Merchants and mechanics. 

Miscellaneous 

Clerk hire ^ 

Superintendent 



$6,856 60 

11,890 63 

6,025 82 

1,426 30 

330 27 

800 00 

500 00 



$26,829 62 



$6,280 00 

11,816 84 

2,711 36 

1,866 87 

160 86 

876 00 

760 00 



$21,968 42 



$6,461 76 

15,936 89 

4,987 47 

1,206 00 

126 86 

450 00 

760 00 



$28,906 48 



$4,224 00 

9,278 66 

2,596 77 

779 40 

57 14 

450 00 

600 00 



$17,985 89 



AnauBT AND Sbptbicbbb. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

MisceUuieons. 

Clerk Ure 

Superintendent 



* Total 



$5,270 00 
10,676 22 
214 92 
184 45 
1,181 18 
150 00 
600 00 



$18,176 77 



$151,879 49 



$6,368 64 

12,607 84 

2,868 64 

1,677 04 

299 01 

626 00 

750 00 



$24,080 67 



$144,299 66 



$5,868 70 

13,692 59 

8,985 84 

1,415 56 

64 07 

450 00 

750 00 



$25,726 16 



$149,724 36 



$4,224 00 

10,714 28 

6,660 70 

1,007 96 

181 62 

450 00 

600 00 



$24,738 60 



$125,791 58 



OSWBOO CANAL -SBCnONS 1, S. 

OOTOBBB AND NOYBMBBB. 



Contract, Mead Belden ... 

Lock tending 

Labor , 

Materials 

Merchants and mechanics 

Miscellaneous 

Clerk hire , 

Superintendent 



1873. 



1874. 



$7,129 64 




3,730 00 


$3,819 15 


7,553 86 


6,911 76 


6,846 36 


4,826 96 


818 16 


8,009 46 


85 86 


64 60 


800 00 


800 00 


600 00 


600 00 


$25,963 78 


$17,921 88 



1876. 



$3,840 00 


3,626 88 


816 26 


236 88 


166 40 


800 00 


600 00 



$9,486 42 



1876. 



$2,870 00 

8,018 80 

1,754 49 

318 94 

21 61 

800 00 

600 00 

$8,783 84 
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Rbpobt of THiE Statb Engineeb and Subveyob 



OSWBQO CANAL— SECTIONS 1, t — (OmMniMtf). 

DiOBlIBXR AND JAHUABT. 



Lock tending. 

Labor 

Materials 

Merchants and mechanics 

Miscellaneous , 

Clerk hire 

Snperintendent 



1873-74. 


1874-75. 


187^-76. 


1876-77. 


$200 90 

3,048 32 

1,504 79 

676 43 

50 03 

• 300 00 

500 00 


$243 83 

6,164 34 

6,604 87 

427 32 

25 56 

800 00 

500 00 


$356 84 
1,217 88 
290 73 
904 76 
17 66 
800 00 
600 00 


$78 00 

897 7S 

86 87 

69 81 

88 09 

800 00 

600 00 


$6,180 47 


$14,265 42 


$2,887 76 


$2,004 99 



FXBBUABT AND MaSOH. 



Lock tending.. A 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



1874. 



$1,832 48 

806 63 

29 43 

11 26 

387 60 

662 50 



$3,578 74 



1875. 



$1,182 89 

88 11 

46 60 

7 40 

800 00 

6QP00 



$2,128 40 



18^6. 



$1,066 84 

1,772 00 

05 46 

41 69 

876 00 

626 00 



$8,976 99 



1877. 



$1, 154 16 

1,079 18 

66 (IG 

29 04 

800 00 

600 OU 



$3,127 83 



Locktending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire. 

Superintendent 



April and Mat. 
$638 83 



12,266 92 

8,909 89 

1,614 03 

169 18 

150 00 

600 00 



$19,238 86 



$867 21 
7,976 88 
698 42 
732 16 
16 50 
800 00 
500 00 



$10,990 16 



$1,429 50 

7,297 16 

1,680 38 

1,033 20 

784 16 

800 UO 

600 00 



$12,917 40 



$1,034 60 

8,688 63 

1,126 OH 

646 97 

29 98 

300 0« 

400 00 



$7,226 26 



JVNB AND JULT. 



Locktending 

Labor. 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



$3,760 00 
7,206 34 
3,523 73 
1,800 13 
3,612 11 
450 00 
600 00 



$20,242 31 



$3,810 00 

3,793 00 

1,420 81 

675 82 

1,672 67 

300 00 

600 00 



$11,971 70 



$9,860 00 
8,889 45 
891 78 
827 49 
624 95 
800 00 
600 00 



$9,393 60 



$9,129 00 
9,728 79 

694 80 
446 40 
1,293 48 
300 00 
400 00 



$7,991 40 



AueVST AND Sbftxkbxb. 



Locktending 

Labor 

Materials 

Merchants and mechanics. 

MiscellaneouB . . . 

Clerk hire. 

Superintendent 



Total 



$3,750 00 

6,301 «>T 

8,292 91 

657 99 

21 60 

300 00 

500 00 



$14,824 87 



$90,028 02 



$3,810 00 

3,773 38 

9,464 69 

528 88 

62 04 

300 00 

500 00 



$11,428 82 



$68,701 33 



$2,910 00 

2,968 86 

1,469 36 

469 86 

30 27 

300 00 

600 00 



$8,628 33 



$47,289 60 



$2,654 00 
9,461 28 
840 72 
847 83 
86 59 
800 00 
400 00 



$7,039 99 



$36,178 94 



w 
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CATUGA AND 8BNBGA CAI^AL. 

OOTOBBB AND NOYXMBEB. 



Lock tending 

Labor , 

Materials 

Merchants aod mechanics, 

Miscellaneons 

Clerk hire 

Superintendent 



1873. 



$1,860 00 
1,658 96 
933 40 
47 71 
126 52 
150 00 
250 00 



$5,025 58 



1874. 



$1,653 00 

979 87 

10 12 

80 14 

50 

76 00 

250 00 



$2,998 63 



1875. 



$1,740 00 


774 «9 


84 73 


63 29 


080 


150 00 


260 00 



$3,063 71 



PXOBXBSB AND JANUABT. 



Lock tending 

Labor 

Materials </. 

Meichants and mechanics.. . 

Miscellaneons 

Clerk hire 

Superintendent 



AuQirsT AND Seftbmbkb. 



1876. 



$1,620 oa 

1.704 10 

" *5i4'82 

75'66 

260 00 



$4,068 42 



1878-74. 


1874-75. 


1875-76. 


1876-77. 


$20 99 

772 20 

1,279 68 

18 43 

49 87 

150 00 

250 00 


$70 16 

831 01 

19 20 

488 


$109 65 
890 78 
675 86 
86 04 
1 82 
160 00 
860 00 




$171 45 


842 15 


226 00 
250 00 


150 00 
250 00 


$2,641 17 


$900 24 


$1,612 64 


$913 60 



FXBi 


lUABT AND M. 
1874. 


ABCH. 

1876. 


1876. 


1877. 


Lock tendinir. ...... ... - t ........ - 










Labor 


$990 70 
144 80 


$151 10 
79 82 
41 80 


$192 00 

254 09 

8 95 

3 50 

150 00 

260 00 


$112 37 


Materials 


Merchants and mechanics 

Miscellaneons 


140 70 


Clerk hire 


150 00 
250 00 


150 00 
350 00 


150 00 


Saperintendent. 


350 00 








$1,685 60 


$671 72 


$862 64 


$653 07 



A 

T/wjk tending. 


PBXL AND Ma 

$785 66 
2,483 99 
415 75 
818 89 
1 47 
150 00 
250 00 


r. 

$392 80 

2,938 88 

1,402 74 

33 03 

434 36 

76 00 

26000 


$785 82 
3,196 85 
984 48 
10 76 
108 60 
160 00 
350 00 


$503 83 

1,248 34 

334 12 

4 67 


Labor T.. 

Materials 

Merchants and mechanics 


Miscellaneons 

Clerk hire 

Saperintendent 


1 44 
160 00 
1(00 00 




$4,405 76 


$6,526 70 


$4,486 91 


$2,441 79 



J 
liOck tendlnsr 


UNB AND Jul 

$1,740 00 
1,569 48 
609 92 
259 36 
47 98 
150 00 
350 00 


T. 

$1,740 00 

1,662 87 

1,413 36 

10 49 

87 

150 00 

250 00 


$1,620 00 
1,494 96 

955*i9 

10 00 
150 00 
250 00 


$1,300 00 

1,260 25 

401 34 


Labor 


Materials 


Merchants and mechanics 


21 71 


Miscellaneons 


80 00 


Clerkhire 

Superintendent 


150 00 
300 00 




$4,626 74 


$4,627 59 


$4,880 14 


$8,413 30 



Lock tendinir 


$1,740 00 
977 62 
408 99 
198 52 
48 63 
150 00 
250 00 


$1,740 00 
677 87 
208 15 
19 71 
40 00 
150 00 
250 00 


$1,620 00 
3,333 60 

931*49 

106 01 
150 00 
260 00 


$1,300 00 
1,829 05 


Labor 


Materials 


882 25 


Merchants and mechanics 


4 48 


Miscellaneons 




Clerk hire 


150 00 


Saperintendent 


300 OC 








$8,773 66 


$3,085 23 


$5, 190 10 


^3,315 78 


Total 


$21,808 81 


$17,810 11 


$19,476 04 


$14,800 96 
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Bepobt of thb State ENGmssB and Subyetob 



CHBMUNa CANAL. 

OOTOBKB AND NOTBlfBKB. 





1873. 


18r74. 


1876. 


1876. 


Lock tending; 

Labor 


$2,235 00 
3,799 67 
994 74 
311 43 
38 20 
120 00 
350 00 


$2,160 00 

2,313 45 

212 82 

44 07 

17 70 

150 00 

850 00 


$285 00 
892 10 
21 09 
9 15 
129 54 
150 00 
860 00 


$585 00 
835 06 


Materials 


142 24 


Merchants and mechanics 

Miscellaneons 


85 61 
22 60 


Clerk hire 




Saperintendent 


125 00 








$7,749 04 


$5,147 44 


$1,836 83 


$1,733 50 



Dboekbxb and Jamuabt. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



FbBBUABT AMD MABCH. 



Locktending 

Labor , 

Materials , 

Merchants and mechanics. 

Miscellaneous , 

Clerk hire 

Superintendent , 



1874. 



$669 81 

46 51 

169 87 

18 15 

150 00 

850 00 



$1,897 84 



1876. 



$148 80 
783 



8 81 
150 00 
850 00 



$553 46 



1876. 



$150 00 
850 00 



$400 00 



August and Sbftbxbvb. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire. 



Snperintendent 



Total. 



$3,160 00 
2,368 05 
825 78 
115 82 
24 65 
150 00 
850 00 



$5,293 65 



$28,898 67 



$780 00 

1,887 85 

82 92 

S3 06 

177 88 

150 00 

250 00 



$3,849 61 






$13,618 09 



$780 00 

997 05 

48 01 

65 06 

86 



185 00 



$8,005 96 



$8,099 41 



1873-74. 


1874-75. 


1875-76. 


187ft-77. 


$16 54 
912 75 
876 11 
17 87 
37 08 
120 00 
250 00 








$296 95 

47 94 

8 88 

4 94 

150 00 

, 850 00 




$459 00 
7 06 







7 80 
•75 


$150 00 
250 00 


iasod 


$1,689 79 


$752 71 


$400 00 


$599 10 



1877. 



$170 00 
80 60 



7 50 

'iis'oo 



$888 10 



/ 

Lock tendiner 


LPBEL AND MA 

$978 00 

8,910 78 

1 105 89 

435 55 

85 33 

150 00 

850 00 


T. 

'* $1*428*80 

78 85 

63 81 

887 

160 00 

360 00 


$1,054 85 

161 17 

97 87 

68 47 

issoo 


$185 80 


Labor 

Materials 

Merchants and mechanics 


8,228 64 
600 37 
134 58 


Miscellaneous 

Clerk hire 


9 87 


SnpeAit«ndent 


185 oO 








$6,848 94 


$1,966 88 


$1,500 76 


$8,888 66 



J 
Lock tending 


UNB AND JULI 

$8,160 00 

2,&37 50 

1,006 47 

141 70 

35 34 

160 00 

850 00 


r. 

$806 00 
917 45 
153 60 
65 87 
18 63 
150 00 
860 00 


$595 00 

1,541 00 

203 11 

17 83 

74 48 


$850 00 

1,974 33 

134 03 


Labor T. 

Materials 


Merchants and mechanics 


66 73 


M iscellaneons , 


IS 24 


Clerk hire 




Superintendent 


135 00 


136 00 




$6,060 01 


$2,349 04 


$3,655 81 


$8,643 33 



$360 00 

3,584 35 

8,709 01 

151 33 

88 98 



135 00 



$5,953 57 



$14,478 25 
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CROOKED LAEia: CANAL. 

OOTOBIB AND NOTBKBaR. 





1878. 


1874. 


1875. 


1876. 


Lock tendinir 




$640 00 

716 60 

10 43 

13 6t 

400 


$69 00 
202 

• •••••■ ••• 




Xiabor 






Materials 






Merchants and mechanics 

Miscellaneous 






Clerk hire 






Saperintendent 




















$1,284 44 


$71 02 













Dbos] 


ICBEB AKD JA] 

1878-74. 


irCTABT. 

1874-75. 


1875-76. 


1876-77. 


Lock tendinir 




$46 00 
138 00 

27 72 






Labor.. ,. 








Materials 






Merchants and mechanics - 








Miscellaneous 


--7 










Clerkhire 










Sunerintendent •..•..•••«•*.«■ .-- 










• 










1. 




$210 72 






• 









FBBBITABT AlTD MaBOH. 



Lock tending 

Labor 

Materials 

Merchants and mechanics 

Miscellaneons ■. 

Clerkhire 

Snperintendflnt «.«••••.«••• «. 



1874. 



$279 85 
87 20 
48 97 



$411 02 



1876. 



$163 50 
66 83 



$220 33 



1876. 



1877. 



Lock tendinis. . 

Labor 

Materials 

Merchants and medianics. 

Miscellaneous 

Clerk hire ) 

Superintendent 



Apbil ahd Mat. 

$297 00 

3,631 82 

602 66 

193 82 



$8,726 29 



$415 75 

18 67 

7 38 



$441 80 



Lock tending 


rumB AND Jul 

$640 00 

909 70 

266 74 

47 06 

• 18 90 


T. 

' $120 00 --- 1 


Labor " 


358 50 

4 32 

23 47 

928 49 




^ 


Materials 






Merchants and mechanics 




• 


Miscellaneous 

Clerkhire 




4 


Superintendent 
















$1,773 40 


$1,434 78 








' 





AVeUBT AND Sbptexbbb. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneons 

Clerkhire 

Superintendent 



Total 



$640 00 

1,012 77 

156 31 

113 88 



$1,822 91 
"$7,731 63 



$130 00 

406 35 

2 90 

64 13 



$593 38 
$4, 185 45 



$71 02 



72 



Be^obt of thk State Enginebb aud Subyeyos 



OHSNANOO CANAL. 

OOTOBBB A3Sm NOTXKBBB. 





1878. 


1874. 


1875. 


1876. 


Lock tending. , 


$2,852 00 

8,889 92 

1,061 83 

299 05 

75 49 

450 00 

750 00 


$2,424 00 

2,416 22 

378 83 

60 95 

73 88 

150 00 

250 00 


$2,119 66 
1,977 44 
898 36 
102 00 
12 01 
150 00 
250 00 


$1, 743 8a 
609 86 


Labor 


Materials 


384 96 


Merchants and mechanics 

Miscellaneons » 


94 71 


Clerk hire 




Baperintendent 


162 50 








$8,378 29 


$5,762 88 


$4,809 47 


$2,995 86 



Dbobxbbb and Januabt. 



Lock tending 

Labor 

Materials 

Mercliants and mechanics. 

Miscellaneoas 

Clerk hire 

Superintendent 



1878-74. 



$2,866 78 
1,548 01 
107 14 
244 02 
637 50 
937 50 



$6,840 95 



1874-76. 



$769 46 

151 29 

80 51 

33 18 

150 00 

250 00 



$1,857 44 



1876-76. 



$118 80 

42 87 

47 44 

587 

160 00 

250 00 



$614 48 



Fbbbuabt and Mabch. 



Lock tending 

Labor , 

Materials , 

Mercliants and mechanics, 

Miscellaneous 

Clerk hire 

Superintendent 



JUNB AND JULT. 



Lock tending 

Labor 

Materials 

Merch&nts and mechanics. 

Miscellaneous 

ClerlAire 

Superintendent 



AUttUST'AND SEPTBBBBB. 



1876-77. 



$131 50 

84 54 

9 40 

77 06 

50 00 

126 00 



$467 50 



1874. 


1875. 


1876. 


1877. 




'$88 69 






$66 95 

40 00 

75 15 

4 62 

160 00 

350 00 


$107 90 

5 51 

1 67 

42 86 

187 60 

812 50 


$85 36 
272 


1 80 
150 00 
250 00 


25 


125 00 


$686 72 


$485 49 


$657 94 


$218 83 



Lock tending 


lPBIL AND Ma 


T. 

$494 58 

1, 109 13 

55 73 

10 49 

22 55 

150 00 

350 00 


$204 50 
868 
899 

ioo'oo 

125 00 




Labor T. 

Materials 


$5,362 50 
921 80 
829 99 
85 12 
150 00 
250 00 


$318 41 
946 56 


Merchants and mechanics 


43 11 


Miscellaneous 

Clerk hire 

Superintendent 


1 70 
]*26'66 




$7,099 41 


$2,093 48 


$487 17 


$734 78 



$2,368 86 
2,693 38 
853 10 
131 86 
118 15 
150 00 
850 00 


$1,990 00 

1,528 78 

125 90 

19 28 

2 86 

150 00 

350 00 


$216 82 

1,389 44 

146 45 

32 03 

37 54 

i^66 




$502 94 

249 25 

13 15 

80 25 


126 00 


$5,966 85 


$4,066 82 


$1,937 38 


$920 59 



Lock tehdinir. 


$3,494 00 
2,077 77 
868 89 
160 49 
81 69 
150 00 
350 00 


$9.090 00 
1,654 53 
787 80 
175 41 
31 73 
150 00 
950 00 






Labor 


/ 


$329 85 


Materials 




146 78 


Merchants and mechanics 

Miscellaneous 

Clerk hire 


406 
68 


Superintendent 


$93 75 


125 00 








$5,473 63 


$5,089 46 


$93 75 


$606 26 


Total 


$38,846 85 


$18,844 07 


$7,950 09 


$6,988 3& 







ON THE Canals of the State. 



78 



GBNESBE yIlLBY CANAL. 

OCVOBKB AMD NOTXMBSB. 



Lock tending 

Labor 

Materikils 

Merchants and mechanics 

Miscellaneous 

Clerk hire 

Superintendent 



1878. 



$4,874 00 

11,236 67 

1, 108 01 

1,081 08 

82 20 

800 00 

750 00 



$19,826 86 



1874. 



$4,249 72 
10,087 49 
1,444 90 
681 20 
218 16 
150 00 
260 00 



$17,076 47 



1875. 



$1,442 08 


4,126«2 


858 61 


100 88 


94 51 


160 00 


250 00 



$7,017 80 



Dbobmbbb AKD JAmrART. 



Lock tending 

Labor 

Materials 

Merchants and mechanics 

Miscellaneous 

Clerk hire 

Superintendent 



Lock tending 

Labor 

Materials 

Merchants and mechanics. , 

Miscellaneous 

Clerk hire 

Superintendent 



AraiL AND Mat. 

$882 96 
22,812 85 



1 65 



250 00 



$28,946 85 



$186 39 
10,578 62 
1,466 89 
726 78 
479 84 
160 00 
260 00 



$18,887 87 



$85 00 

1,824 05 

37 96 

805 85 

"7566 
125 00 



$2,452 86 



JUNB AHB JULT. 



Lock tending. 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



AireTniT akd Sbptxmbbb. 



Lock tending 

Labor 

Materials.. 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



$6,829 00 

12,874 28 

1,761 94 

2,122 69 

212 78 

150 00 

260 00 



Total., 



$22,700 69 



$118,410 61 



$2,664 00 
6,799 29 
1,806 58 
801 89 
119 58 
150 00 
260 00 



$11,691 29 



$58,851 78 



$2,680 00 

5,919 26 

1,722 58 

787 80 

179 62 

75 00 

125 00 



$11,469 21 



$86,982 11 



1876. 



$2,241 49 
5,207 78 
750 61 
816 87 
88 90 
160 00 
125 00 



$8,825 05 



1878-74. 


1874-76. 


'1875-76. 


1876-77. 


$62 10 
7,260 92 
8,872 68 
928 94 
148 46 
406 26 
898 76 




'" ■ $472'66 

75 66 

260 00 




$1,074 05 
828 92 
105 89 
80 45 
160 00 
250 00 


$1, 194 95 

268 77 

81 61 

icooo 

125 00 


$18,076 95 


$1,988 81 


$797 60 


$1,810 83 



Fbbi 


tXTART AND Ml 

1674. 


LBOH. 

1875. 


1976. 


1877. 


Xiock tendinff 




■"$i,'648'63 
226 79 
891 88 
897 68 
150 00 
250 00 






Labor 


$8,668 IS 
898 62 
468 15 
79 
129 48 
250 00 


• •••••••• 


$942 95 
144 70 

26 66 


Materials 

Merchants and mechanics 

Miscellaneous 


Clerk hire 




150 00 


Snoerintendent 




125 00 










$5,410 17 


$2,969 98 




$1,882 65 







$623 0^ 

8,463 92 

l,a32,53 

657 26 

5 57 

150 00 

166 66 



$11,896 96 



$4,766 33 


$8,148 90 


$1,829 79 


$2,754 00 


18,848 34 


7,701 76 


10,646 40 


5,394 38 


2,502 03 


3 00 


780 41 


488 31 


2,390 59 


141 04 


612 18 


255 01 


896 90 


68 22 


60 96 


30 33 


800 00 


160 00 


150 00 


150 00 


260 00 


250 00 


125 00 


166 66 


$28,949 19 


$11,452 91 


$14 194 74 


$9,238 69 



$2,764 00 
4,425 26 
778 61 
876 44 
16 01 
160 00 
166 66 



$8,666 98 



$41,822 66 
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BLACK RIYBR CANAL. 

OOTOBXB AHS NOTBMBBB. 



Ldck tending , 

Labor • 

Materials 

Merchants and medianlcs 

Miscellaneons 

Clerk hire 

Superintendent 



18T8. 



$8,826 00 

6,722 46 

1,286 74 

8,826 60 

160 57 

450 00 

750 00 



$15,471 86 



1874. 



$8,614 66 

6,435 12 

888 44 

687 47 

""150 66 

250 00 



$11,870 68 



1876. 



$2,663 14 


4,215 20 


689 40 


176 27 


18 89 


150 00 


260 00 



$8,167 90 



Dmbhbbb and Januabt. 



Lock tending 

Labor 

Materials 

Merchants and mechanics 

Miecellaneoos. 

Clerk hire.. 

Superintendent. 



JUNB AND JULT. 



Locktending 

Labor . 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



$3,805 00 

6,714 70 

1, 127 75 

532 88 

. 2100 



250 00 



$11,451 33 



$3,626 00 

4,527 65 

1,2|7 60 

fl5 41 

17 46 

150 00 

250 00 



$10, 168 12 



$3,500 00 
4,419 08 
640 77 
148 95 
17 95 
150 00 
250 00 



$9,126 75 



1876. 



$2,660 00 

4,705 40 

549 47 

573 38 

86 88 

""256*66 



$8,774 53 



1873-74. 


1874-75. 


1875-76. 


1876-77. 


$15 00 
1,422 85 
440 86 
11 72 
109 88 
626 00 
876 00 


$8 00 
1,223 96 

149 48 
60 06 
65 19 

150 00 
250 00 


$40 00 

918 45 

1,187 33 

626 

15 71 

150 00 

250 00 


*$758'88 

247 19 

13 4g 

8 12 

450 00 

750 00 


$3,400 81 


$1,896 68 


$2,517 74 


$9,227 62 



Fkbi 


tUABT AND Mj 

1874. 


JtOH. 

1876. 


1876. 


1877. 


Lock tendinff 










Labor 

Materials 


$411 60 


$814 68 


$771 00 
17 80 


$619 88 
14 84 


Merchants and mechanics 


79229 

75 00 
250 00 


13 80 

1000 

150 00 

260 00 


4 90 


MlBcellaneons 


7 75 
150 00 
250 00 


19 06 


Clerkhire 

Superintendent 


160 00 
250 00 




$1,528 89 


$1,237 88 


$1, 196 56 


$968 68 



Locktending. 

Labor 


kPBIL AND MA' 

$1,582 66 
6,261 52 
782 43 
516 64 
172 75 
150 00 
250 00 


r. 

"$6,*538"27 

1,178 58 

488 05 

14 93 

150 00 

250 00 


$860 00 
4T6O8 19 
914 58 
317 97 
18 93 
150 00 
250 00 


$1,400 95 

4,2^76 35 

706 43 


Materials 


Merchants and mechanics 

Miscellaneous 

Clerk hire 


433 90 

40 39 

150 00 


Superintendent 


200 00 








$9,716 00 


$8,619 83 


$7,014 67 


$7,607 02 



$3,680 00 

4,507 74 

1,259 06 

270 45 

93 86 

150 00 

200 00 



$10,061 10 



AXTOU 

Lock tendinjr. 


ST AND SBFTB 

$3,860 00 
4,108 22 
830 72 
138 00 
90 
800 00 
250 00 


IMBBB, 

$3,625 00 

4,862 05 

1,808 63 

565 68 

40 05 

150 00 

250 00 


$3,500 00 

5,199 36 

1,313 04 

894 23 

26 04 


$3,580 00 


Labor 


4,420 98 


Materials 

Merchants and mechanics 

Miscellaneous 


646 25 

164 66 

17 80 


Clerkhire 


150 00 


Superintendent. 


25000 


200 00 








$9,487 84 


$11,301 36 


$11, 182 66 


$9,078 64 


Total...''. 


$51,055 78 


$45,089 55 


$39,196 27 


$86,607 00 
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SUMMABY BT CANALS. 
Bbds Canal. 



Lock tending . . . 

Labor 

Materials 

Merchants and mechanics. . . . 

Miscellaneous 

Clerk hire 

Superintendents 

Special sontracts and breaks. 



Add allowances by aaditor 

Less disallowances by anditor. . . . , 



Total. 



1874. 



$91,278 14 

*286, 389 88 

100,379 14 

47,792 60 

4, 139 92 

10,641 04 

18, 118 87 



$558«788 69 
170 64 



$568,909 23 



1875. 



$76, 360 62 
249, 507 48 
95, 771 68 
60, 903 46 
4,402 85 
10,205 00 
17,859 14 
20,322 13 



$623,832 46 
67i 66 



$623,260 80 



1876. 



$78,278 39 

276, 874 06 

78,092 10 

41,330 49 

8,747 39 

8,787 60 

1«,662 60 

812 36 



$603,485 07 
-266'51 



$503,228 66 



1877. 



$66,093 04 

244,216 81 

116,985 64 

41,787 64 

5, 177 78 

9,063 14 

H536 8S 



^$487,809 83 
1,186 68 

$488,996 41 



Chahflain Canal. 



Lock tending .*. . 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerkhire 

Superintendent 



Lees dis&Ilowancea by anditor. 



Total. 



$19,4(16 50 

81,751 89 

80,725 48 

11, 689 86 

2,695 76 

1,912 50 

8,687 60 



$161,879 49 
160 80 



$161,718 69 



$17,706 47 

71,065 63 

31,443 25 

13,283 17 

4,761 14 

2, 175 00 

3,875 00 



$144,299 66 
269 78 



$144,029 88 



$19,330 96 

84,056 47 

-28,804 20 

9,423 23 

909 50 

2,700 00 

4,500 00 



$149,724 36 
150 42 



$149, 573 94 



$16,746 09 

62,008 96 

28,725 29 

11,555 28 

1,005 96 

2,700 00 

4,050 00 

$126,791 68 
3 47 

$125,788 11 



Lo<^k tending 

Labor. 

Materials ^ 

Merchants and mechanics. 

Miscellaneous 

Clerkhire 

Superintendent 

Special contract 



Add allowances by auditor.. . . 
Less disallowances by auditor. 



Total. 



OswBoo Canal. 

$13,069 78 
38,209 74 
18,882 81 
4,996 17 
3,840 03 
1,887 60 
3,062 50 
7,129 54 



$90,028 02 
818 75 



$90,846 77 



$12,549 69 
29,801 75 
16,493 69 
4,318 63 
1,737 57 
1,800 00 
3,000 00 



$68,701 33 
27 03 



$68,728 36 



$11,389 84 
20,057 06 
6,810 61 
2,367 66 
1,665 03 
1,875 00 
3,125 00 



$47,289 60 
8'45 



$47,286 05 



$8,766 60 
13,948 81 
6, 682 09 
1,882 95 
1,493 79 
-1,800 00 
2,700 00 



$36,173 24 

3 25 

$36,170 99 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 



Catuga and Ssneoa Canals. 

$5,696 95 



Add allowanoeB by auditor. 
Total 4 



\ 



$6, 140 65 

8,452 84 

3,692 54 

842 91 

V 273 87 

900 00 

1,600 00 



$31,808 81 
69 00 



$21,867 81 



6,141 10 

8,132 89 

139 55 

476 62 

826 00 

1,500 00 



$17,810 11 
1.10 



$17,811 21 



$5,675 47 
7,281 67 
1,899 16 
1,989 73 
229 13 
900 00 
1,600 00 



$19,476 04 



$19,475 04 



$4,623 32 
6,835 56 

1,067 71 

1,027 93 

81 44 

826 00 

1,350 00 

$14,800 96 



$14,800 96 
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SUMMABY BY CANALS --(OimlifMMtf). 
Qbemukq Cahal. 



* 


1874. 


1875. 


1876. 


1877. 


Lock tendinflr. 


$7,648 64 

13,897 96 

8,762 86 

1,180 64 

188 63 

840 00 

1,600 00 


$8,745 00 
6,479 70 
681 85 
187 19 
224 86 
900 00 
1,600 00 


$1,660 00 
8,985 00 
483 38 
178 69 
267 84 
450 00 
1,125 00 


$1,480 80 


Labor 

Materials 


8,25127 
3,603 30 


Merchants and mechanics 

Miscellaneoas 

Clerk hire, 


866 54 

77 44 


Saperintendent 


760 00 






Add allowance by auditor 

Less disallowances by andltor 


$28,896 67 
88 22 


$18,618 09 
28 00 


$8,099 41 


$14,478 25 


80 00 










Total 


$28,866 46 


$18,616 09 


$8,069 41 


$14,478 35 







Cbooksd Laxs Canal. 



Lock tending 

Labor . 

Materials 

Merchants and mechanics* . 

Miscellaneoas 

Clerk hire , 

Saperintendent 



$1,877 00 

4,884 14 

1,102 90 

898 68 

18 90 



Less disallowances by aaditor 



Total. 



$7,731 62 
72 67 



$7,669 06 



$825 00 

2,188 60 

180 87 

108 40 

982 49 



$4,185 45 



$4,186 45 



$69 00 
2 02 



$71 02 



$71 02 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneoas 

Clerk hire 

Saperintendent 



LeBs'disallowances by auditor 
Total 



aSNAKOO q^i 

$7,644 86 
16,369 80 
4,298 66 
1, 128 61 
649 02 
1,687 60 
2,667 60 


$6,996 68 

7,664 80 

1,449 05 

286 64 

156 00 

900 00 

1,600 00 


$2,836 48 

8,098 08 

596 87 

in 13 

97 78 

487 60 

1.156 25 


$1,743 88 

1,967 92 

1,114 81 

164 42 

109 84 

60 OO 

787 50 


$33,345 85 
22 88 

■ 


$18,844 07 


$7,950 09 


$5,986 38 






$83,822 47 


$18,844 07 


$7,960 09 


$6,938 33 



Gbnbskb ValliSt Canal. 



Lock tending. 

I^bor 

Materials 

Merchanta and mechanics. 

Miscellaneoos 

Clerk hire 

Saperintendent 



Add allowances by auditor . . . 
Less disallowances by auditor. 



Total. 



$16,414 38 
75,704 64 
9,688 18 
6,948 00 
786 08 
1,286 73 
2,648 75 



$113,410 61 
118 88 



$118,291 73 



$10,244 01 
86,784 78 
6,272 08 
2,847 18 
1,308 88 
900 00 
1,600 00 



$68,851 78 
12 00 



158,863 78 



$6,036 83 

22,989 08 

8,394 61 

1,786 66 

326 09 

635 00 

876 00 



$35,932 11 



$86,932 11 



$8,873 61 

35,630 34 

8,753 43 

1,686 60 

105 81 

900 OO 

874 96 



$41,822 66 
42*66 



$41,280 66 
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SUMMARY BY CANALS — ( Om^tmf). 
Black Biybb Cakal. 



Lock tending .... 

Labor 

Materials 

Merchants and mechanics 

Miscellaneoas 

Clerk hire 

Saperintendent 

Add allowances by auditor .... 
Less disallowances by auditor 

Total 



1874. 



$18«068 66 

23,641 34 

, 4,417 50 

^ 4,525 84 

1,367 39 

1,500 00 

2,626 06 



$51,055 78 
20 28 



$61,075 96 






1876. 



$10,872 65 

24,401 63 

5,247 73 

2,019 93 

147 63 

900 00 

1,500 00 



$46,089 65 
48*72 



$45,045 88 



1876. 



$10,568 14 

20,026 27 

4,713 93 

1,548 67 

100 37 

750 00 

1,500 00 



$39,196 27 
75'23 



$89,121 05 



1877. 



$11,230 95 
19,489 18 
3,321 28 
1, 460 67 
215 56 
1,050 00 
1,850 00 



$38,607 59 
67786 



$37,980 24 



OBNEBAL SUMMABY. 



Lock tending 

Labor 

Materials 

Merchants and mechanics. 

Miscellaneous 

Clerk hire 

Superintendent 

Special contracts 



Less disallowances by auditor. 
Add allowances by auditor 



Total. 



Add. 
Less 



Amounts from auditor^s report onrezpen- 
ditures are as follows : 



1874. 



$174,979 46 

548,241 13 

176,879 91 

79,493 31 

13,744 15 

20,604 27 

86,824 62 

7,139 54 



$1,056,896 89 



600 27 



$1,057,556 66 
23 16 



$1,057,579 81 



1875. 



$148,898 17 
438,915 41 
158, 522 49 
74,094 18 
14, 140 98 
18,605 00 
81,784 14 
20,823 13 



$895,233 50 
817 03 



$894,415 47 



982 65 



$898,432 92 



1876. 



$130,270 60 

437,436 56 

124,745 92 

58,797 16 

12,341 53 

16,476 00 

80,843 75 

812 36 



$811,223 87 
515 60 



$810,707 27 



26 



$810,707 01 



1877. 



$107,996 14 

881,837 75 

164, 153 40 

69,881 12 

8,267 67 

16,388 14 

26,898 31 



$764,933 48 
460'^ 



$766,382 94 



$765,882 94 



Expenditures for ordinary repairs hy Canal Commissioners. 



CANALS. 



\ 



Erie 

Champlain 

Oswego 

Cayuga and Seneca 

Chemung 

Crooked Lake 

Chenan^. 

Black Kiver 

Genesee Valley 

Oneida Lake 

Baldwlnsville 

Oneida Lake Improrement 
Seneca Biver Towing-path. 
Cayuga Lulet 



Paid bv engineers for services on ordinary 
repaln 



1874. 



$85,255 99 

24,282 40 

3,789 44 

6,418 Zi 

980 06 

4,262 46 

816 03 

1,915 00 

2,442 67 



$129,057 87 



$139,057 87 



1876. 



$346,400 81 
5,339 85 
4,780 91 
4,258 93 
2,415 39 
243 00 
295 20 
4, 119 10 
4,312 00 



$272,050 69 



$272,059 69 



1876. 



$180,262 76 

825 00 

4,556 78 

3,816 57 

2,939 45 

27*26 

450 00 
4,275 14 



$196,652 94 
•8,694 64 



$205,347 58 



* Previons to June, 1876, paid by commissioners. 



1877. 



$41,664 66 
1,970 83 
4,086 83 
2,698 93 



1,814 04 
110 50 
561 51 



$53,896 80 
25,292 89 



$77,680 60 
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The following are the distances from Albany and Buffalo, to the prin- 
cipal points on the Erie canal, as adopted iy the Canal Board for the 
collection of tolls. 



NAME OF PLACE. 


DiBtance 

from Albany, 

miles. 


Distance 

from Buffalo, 

miles. 


Albany. ••...•••'• •« 


... 

7 

30 
56 
87 
110 
125 
166 
185 
199 
217 
232 
259 
279 
293 
303 
321 
340 
348 
852 


352 


West Troy 


345 


Schenectady • • • 


322 


FultonyiUe 


296 


Little Falls 


265 


rjtica • 


242 


Some ...• •••••.. 


227 


Syracuse 


186 


Jordan •• 


167 


Montezuma •••••• 


153 


Lyons • 


135 


Palmyra • 


120 


Rochester 


93 


Brockport 


73 


Albion ••.••••.•.•••..••..& 


59 


Medina 


49 


Lockport 


31 


Tonawanda 


12 


Lower Black Bock 


4 






ft 
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2.09 
1.96 
2.14 
3.36 
3.60 
3.35 
8.85 
1.91 
8.41 
8.08i 
1.70 
1.70 
1.66 J 
1.60 
1.46 
1.80 
1.15 
1.06 
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8.23 
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3.31 
3.93 
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2.59 
2.20 
1.86 
1.65 
1.69 
1.67 
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199 
237 
296 
318 
314 
864 
331 
368 
366 
474 

888 
1,030 
1,346 
1,391 
1,404 
1,674 
1,619 


2" 


1 
1 

! 

5 




Ill 


994 
080 
959 
876 
150 
100 
000 
900 
880 
920 
830 
020 
020 
880 
730 
062 
680 
565 
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809,524 

863,623 

1,123,548 

1,034,130 

871,335 

843,915 

1,012,448 

958,362 

1,033,751 

919,153 

904,351 

1,050,104 

1,048,575 

1,057,711 

938,774 

727,597 

570,969 

857,305 
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Tbaksportatiok akd Tonnage of the Erie Canal. 

The following tabU shouxt for a series of yean, the total charge on 100 tons up and 100 torn 
down; the tons arriving at tide^toater from the BrU earuA; the average cargoes ofboats^ 
and the lockages at Alescander's lock. 



YBAB. 



1830 


$1,530 


1831 


1,530 


1832 


1,530 


1833 


1,241 


1834 


987 


1835 


987 


1836 


987 


1837 


987 


1838 


987 


1839 


987 


1840 


989 


1841 


987 


1842 


987 


1843 


987 


1844 


987 


1845 


987 


1846 


771 


1847 


771 


1848 


771 


1849 


771 


1860 


771 


1861 


658 


1852 


509 


1853 


511 


1854 


511 


1855 


511 


1856 


511 


1857 


611 


1858 


282 


1859 


211 


1«60 


282 


1861 


316 


1862 


351 


1863 


361 


1864 


316 


1865 


316 


1866 


316 


1867 .... 


316 


1868 


316 


1869 


316 


1870 


210 


1871 


210 


1872 


210 


1873 


210 


1874 


210 


1876 


176 


1876 


176 


1877 


140 



Tolls OB 

100 tons 

each way. 



Freight on 

100 tons 
each way. 



•1,378 

1,339 

1,397 

1,174 

1,424 

1,245 

1,829 

1,B26 

1,392 

1,419 

1,426 

893 

938 

691 

871 

041 

625 

726 

560 

531 

481 

421 

507 

567 

470 

470 

385 

395 

302 

316 

347 

339 

341 

314 

476 

406 

426 

387 

388 

416 

356 

420 

420 

420 

420 

298 

289 

814 



Total 
charge. 



$2,908 

2,869 

2,927 

2,415 

2,411 

2,232 

2,816 

2,613 

2,379 

2,406 

2,413 

1,880 

1,925 

1,678 

1,858 

1,528 

1,396 

1,497 

1,321 

1,302 

1,252 

1,079 

1,016 

1,078 

981 

981 

1,096 

906 

684 

527 

629 

646 

692 

666 

792 

722 

742 

703 

704 

732 

566 

630 

630 

630 

630 

473 

464 

454 



Tons from Brie 
canal. 



497 

419 

387 

419 

386 

467 

632 

480 

635 

799 

959 

1,107 

1,431 

1,184 

1,266 

1,371 

1,508 

1,644 

1,851 

1,702 

1,420 

1,587 

1,117 

1,496 

1,461 

2,276 

2,449 

2,917 

2,647 

2,146 

2,078 

2,523 

2,226 

2,378 

2,257 

2,290 

2,648 

2,670 

2,585 

2,370 

1,914 

1,745 

2,298 



,839 
,125 
,506 
,249 
,267 
,316 
,520 
,149 
,346 
,816 
,590 
,270 
,252 
,337 
,724 
,859 
,677 
,699 
,438 
,693 
,715 
,130 
,199 
,687 
,333 
,061 
,609 
,094 
,689 
,634 
,361 
,664 
,112 
,572 
,689 
,G98 
,877 
,405 
,355 
,297 
,942 
,320 
,008 



Average 
cargoes 

of 
boats. 



Lockages 
at 

Alexander's 
lock. 



38 
33 

• • . • 

32 

32 

34 

86 

42 

65 

66 

63 

66 

66 

68 

68 

80 

76 

80 

84 

24 

92 

100 

100 

126 

143 

140 

157 

167 

177 

150 

160 

170 

156 

148 

183 

181 

178 

190 

213 

197 

197 

209 

107 



25 

25 

21 

25 

24 

26 

20 

22 

23 

28 

30 

33 

43 

34 

36 

38 

40 

41 

42 

35 

30 

31 

22 

23 

31 

32 

31 

34 

30 

28 

26 

29 

28 

32 

24 

25 

29 

28 

24 

24 

18 

16 

21 



,798 
,616 
,055 
,962 
,234 
,987 
,320 
,869 
,184 
,219 
,452 
,431 
,957 
,911 
,918 
,444 
,396 
,572 
,967 
,981 
,873 
,223 
,182 
,474 
,906 
,439 
,179 
,977 
,071 
,742 
,037 
,882 
,654 
,107 
,625 
,124 
,725 
,035 
,960 
,085 
,761 
,671 
,408 
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The number a7id tonnage capacity of the boats built a7id registered iw 

each year since 1857, have been as follows : 



aSBB 



TBAB. 



1867 

1858 

1869 

1860 

1861 

1862 

1863 

1864 

1865 

1866 

1867 

1868 .•.. 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876 

1877 

Total 



Boats. 



329 

266 
206 
403 
619 
860 
771 
399 
200 
485 
520 
387 
298 
269 
194 
326 
4^ 
249 
102 
75 
69 



7,439 



Tons. 



37,610 
27,830 
20,160 
48,365 
95,230 
142,470 
119,170 
66,236 
28,795 
74,630 
80,^360 
64,470 
46,640 
42,400 
29,225 
67,925 
79,740 
45 , 960 
17,435 
10,825 
9,185 



1,134,640 



Averaffe 

tODDSge of 

boats. 



114 
109 
98 
120 
154 
168 
177 
141 
144 
164 
166 
167 
167 
167 
160 
178 
184 
183 
171 
144 
133 



150 
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Grain Freights over the Erie fbom Chicago. * 

The following table shows the average rate of freight for grain, per 
bushel, from Chicago to New York for the past seventeen years : 



YBABS. 



1861 

1862 

1863 

1864 

1865 

1866 

1867 

1868./ 

1869 

1870 

1871 

1872 

1873 

1874 u 

1875 

1876 .. 

1877 



OmoAGo TO New York via 

BUTVALO. 



o 



8* 
8i 
9 

30 

10 

10 

10 

10 

10 

10 

11 

11 

11 

11 

11 

11 

11 



*^ oS 

-asm 



Cente. 

26 
• 17 

12i 

18 

19 

23 

15 

13i 

12 

10 

18 

18 

13 
6i 
6i 
5 

6i 



<P<t3 1^ 

a ^ 



Cents. 
30 
24^ 
25 
22 
26 
23 
25 
24 
25 
16 
17 
17 
13 

Hi 
11 
10 
12 






bfi 

O 



js O 



Cents. 
27i 
26i 
23 
28i 
26f 
30i 
22i 
23 
23 
17 
20^ 
24i 
19 
15 
11 
10 
11 



NJIMBEB,^ extent and approximate cost of structures upon the Mrie 

canal at completion of enlargement in 1862. 



Quantities. 



48 

510 

540 sets 

540 sets 

57 sets 

13 single 

2 single 

5 single 

24,235 

2,363 

11 

94 



KIND OP STRUCTURE 



Square feet flooring.in 168 iron bridges.. . . 
Sqaare feet flooring in 382 wooden bridges 

Bridge abntments 

Bridge embankments, etc 

Doable locks, aggregate length 9,833 feet . . 

Locks, aggregate length 2,415 feet 

Gaard-locks, aggregate length 345 feet 

Weigh-locks, aggregate length 737 feet . . . 

Lineal feet of trunk in 32 aqueducts 

Lineal feet of waste-walls, waste-welrs. . . . 

Stop-gates 

Stone arch culverts, aggregate spans 1,628. 
Composite culverts, aggregate spans 435. . . 



Total approximate cost of structure. 



Price. 



2, 

1, 
78, 

81, 
23, 

47, 



\ 



$0 81 
38 
750 00 
800 00 
850 00 
560 00 
000 00 
036 00 
810 00 

42 00 
000 00 
000 00 
700 00 



Amount. 



$354, 

196, 

1,485, 

972, 

4,209, 

441, 

46, 

235, 

7, 512, 

99, 

22, 

760, 

150, 



673 80 
178 42 
000 00 
000 00 
450 00 
840 00 
000 00 
180 00 
850 00 
246 00 
000 00 
000 00 
800 00 



$16,494,218 81 
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£siB Canajl. 

Total coBt of constmction, $49,160,966.98, np to 1876. 



REMABKS. 


Old canal (not now in existence). 


■ I'l 1 ■ ■ 1. ' 1 ■ ■■■, ' 1 '■ 
Enlargement 


ConBtrnction authorised 


April 16, 1817 

July 4, 1817 , 


May 11, 1835. 


Constrnction commenced 

Constraction completed 

Estimated coet at engineer*8 prices 
Actnal cost of constraction 


August, 1836. 


October 26, 1886 


September, 1863. 


S4,926,738 


$23,403,8»8. 


$7,148,789 


$36,495,535. 1868. 


Total feet of lockage 

Length from Albany to Buffalo 

Number locks and size of chambers 


675>^feet. 


654 8U-100 feet. 


863 miles | 

83 locks, 90x15 


350)^ miles. 

72 locks, 110x18. 


Size of prism 


40 and 88x4 1 


70 and 56x7. 


Maximum dimensions of boats 

Burden of boats 


78 62-100x14 46-10QX8X draft 1 

75 tons 


98x17 5-11x6 5-12 draft 9. 
220 tons. 




■- ■ 



Locks, 



No. of 
lock. 


Double or 
single. 


Lift. 


No. of 
lock. 


Double or 
single. 


Lift. 


No. of lock. 


Double or 
single. 


Lift. 


1 


Double ... 


16H 


25 


Doublb .. 


8 


49 


Double ... 


6 


2 


ik 


9X 


26 


*t 


8 


50 


ki 

• . • 


6 11-12 


3 


»( 


11^ 


27 


(» 


8 


51 


ii 


6>^ 


4 


»i 


llii^ 


28 


(i 


8 


52 


ii 


11 


5 


Kt 


10 


29 


*4 


7 


53 


it 


6 


6 


ti 


10 


80 


l( 


io>r 


54 


ii 


'iH 


7 


U 


10 


81 


it 


6 


55 


it 


6 


8 


(t 


10 


82 


ii 


8 


56 


tk 


10 


9 


»t 


10 


88 


ii 


6 


57 


it 


8 


10 


»t 


10 


84 


ii 


8 


58 


it 


8 


11 


U 


10 


85 


ii 


8 


59 


it 


8 


IS 


it 


10 


86 


ii 


10 


60 


it 


10 


18 


u 


10 


87 


ii 


10 


61 


it 


9 


14 


»i 


10 


88 


it 


9K 


62 


it 


9 


15 


(* 


10 


89 


ii 


lOK 


63 


ii 


9 


16 


** 


10 


40 


ii 


8 


64 


t 


10 


17 


»» 


10 


41 


ii 


8 


65 


t 


10 


18 


it 


lO^tf 


42 


ii 


8 


66 


it 


9 


19 


»l 


8^ 


43 


ii 


8 


671 


•d 






20 


tt 


10 


44 


ii 


io>r 


68 


(3 






21 


t* 


11^ 


45 


ii 


10>^ 


69 


■ % 


ii 

• • • 


66 10-12 


22 


»t 


l^H 


46 


ii 


3 


70 


g 






28 


it 


8 


47 


M 


lOjtf 


71. 


8 






24 


u 


8 


48 


ii 


loyi 


2Gd. Blk 


ii 

■ • • 


9 








1 






Bk. and Buff.. 



Location of Locks, 



COUNTIES. 


Nos, of locks. 


COUNTIES. 


Nob. of locks. 


Albany 


1 to 18, inclusive 

19and20 

21 to 25, InclnsiTe 

26 to 84, inclusive . .. 
85 to 45, inclusive. ... 
46.. ..7. 


Onondaga 


47 to 50. inclusive. 


Saratoga 

Shenectady 


Caynga .... 

Wayne 

Monroe 

Orleans 


51 and 52. 

58 to 60 inclusive 


Montgomery 

llerkiiner 


61 to 66, inclusive. 


Qi)«id» 


Niagara 


67 to 71 inclntiive 


Madison 
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The following shows the dates of opening and closing of the canals 
for each navigable season since 1824: 

Commencement and Close op Navigation op Ebie Canal. 



Canal open. 



1824, April 30 

1825, April 12 

1826, April 20 

1827, April 22 

1828, March 27 

1829, May 2 
1880, April 20 

1831, April 16 

1832, April 25 

1833, April 19 

1834, April 17 

1835, April 15 

1836, April 25 

1837, April 20 

1838, April 12 

1839, April 20 

1840, April 20 

1841, April 24 

1842, April 20 

1843, May 1 

1844, April 18 

1845, April 15 

1846, AprU 16 

1847, May 1 

1848, May 1 

1849, May 1 

1850, April 22 

1851, April 15 

1852, April 20 
1858, April 20 

1854, May 1 

1855, May 1 

1856, May 6 

1857, May 6 

1858, AprU 28 
1869, April 15 

1860, April 25 

1861, May 1 

1862, May 1 

1863, May 1 

1864, April 30 

1865, May 1 

1866, May 1 

1867, May 6 

1868, May 4 

1869, May 6 

1870, May 10 

1871, April 24 

1872, May 13 

1873, May 15 

1874, May 5 

1875, May 18 

1876, May 4 

1877, May 8 



Canal dosed. 



December 4. 

December 6, 

December 18 

December 18 

December 20 

December 17 

December 17 

December 1 

December 21 

December 12 

December 12 

November 30 

November 26 

December 9 

November 25 

December 16 

December 9 

November 80 

November 28 

November 30 

November 26 

November 29 

November 25 

November 30 

December 9 

December 5 

December 11 

December 5 

December 16 

December 20 

December 3 

December 10 

December 4 

December 15 

December 8 

December 12 

December 12 

December 10 

December 10 

December 9 

December 8 

December 12 

December 12 

December 20 

December 7 

December 10 

December 8 

December 1 

December 1 

December 5 

December 5 

November 30 

December 1 

December 7 



Navigable 
days. 



219 

238 

243 

241 

269 

230 

242 

230 

241 

238 

240 

230 

216 

234 

228 

241 

228 

221 

222 

214 

222 

228 

224 

214 

223 

219 

234 

235 

239 

245 

217 

224 

214 

223 

225 

242 

232 

224 

224 

223 

223 

226 

226 

229 

217 

218 

218 

220 

20d 

205 

215 

197 

211 

214 
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APPENDIX. 



LATEEAL OANALS. 



DESCEIPTION, DIMENSIONS, COST AND OAPAOITT. 



LATERAL CANALS. 



Ohamplain Canal and Glens Falls Pbbdkb. 

Gonstmotion authorized April 15, 1817. 

Glens Falls feeder authorized April, 1822. 

Estimated cost of canal at engineer's prices. . 1871^000. 

Navigation opened from Fori; Edward to Lake • 

Ohamplain Noyember 24, 1819. 

Ganal completed from Waterford to Lake 
Ohamplain 1822. 

Oanal, cost of construction up to 1832 $921,011. 

Feeder, cost of constniction up to 1837 $91,944. 

Total cost of both, including improvements, 

exclusive of ordinary repairs, June, 1868. . 12,378,910. 

Number of locks on canal, 20 ; feeder, 13 . . . Size, 110x18 and 100x15 

Length of canal, 66 miles; feeder, 7 miles; 
pond, 5 miles 78 miles. 

Size of prism, canal and feeder 40 26x4. 

Size authorized, chapter 213, Laws* 1860 60 35x6. 

Size authorized, chapter 788, Laws 1870. ... 68 44x7. 

Total cost of canal and feeder up to Septem- 
ber 30, 1876 $673,028.73. 

Locks. 



Ohamplain Canal. * 


Glens Falls Fexdsb. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift 


1 


lOX 
lOX 

1^ 

9 
9 
9X 


8 

9 

10 

U 

12 

18 

14 


9 

lOK 
8 


15. .. . 

16.... 

17... 

18... 

19.... 

30.... 


8 

7 

9 

9 

10 


A* • • • 

2 

8 

4 

6 

6 

7 


10 
10 
10 
10 
10 
10 
10 


o. . ... 

9 

10 

IL 

12 

13 


10 


^« • V • • • • • 

8 


10 
10 


4 

6 


, 11 
u 


6 

7 


10 







Black River Canal, Feeder and Black River Improvement. 

Construction authorized April 19, 1836. 

Construction commenced January, 1838. 

Estimated cost at engineer's prices $1 ,068,437. 

Estimated cost at contract prices $2,431,669. 

Canal completed 1849. 



92 



Report of thb State Engineer and Surveyor 



Cost of construction to 1876 $3,886,149 23. 

Knmber and size of locks 109 locks, 90x15. 

Length of canal to Lyons Falls 35 miles. 

Length of river to Carthage, and fall 42 miles 9^ feet 

Size of prism of canal and feeder 42 and 28x4. 

Length of navigable feeder, and fall 10^ miles ; 6^^feet. 

Burden of boats 45 to 50 tons 

Lockage of canal 1,082} feet 

* Locks. 



No. 


UfU 


No. 


lift. 


No. 

46.... 


Lift. 


No. 


lift. 


No. 


lift. 


1 


10 


23 


10 


10 


67... 


10 


89 


10 


fD* • • • • • • 


10 


24 


10 


48.... 


10 


68.... 


9 


90..... 


10 


8 


10 


25 


10 


47..., 


10 


69 ... 


9 


91 


12 


4. 


10 


28 


10 


48 ... 


10 


70.... 


9 


92 


10 


A 


10 


27 


10 


49.... 


10 


71 


10 


vo« • • • • 


10 


6 


10 


28 


10 


60.... 


10 


72. .. 


10 


94 


10 


7 


10 


29 


10 


61 ... 


10 


73.... 


10 


vO* « ■ • • 


10 


8 


11 


80 


10 


62... 


10 


74.... 


10 


96. .. 


10 


9 


13 


31 


10 


&i.... 


10 


75.... 


10 


97 


10 


10 


11 


83 


10 


64.... 


10 


76.... 


10 


98 


10 


U 


11 


83 


10 


56. .. 


10 


ii • • • • 


10 


lnl»* • ■ • 


10 


12 


11 


34 


10 


56 ... 


10 


78 .. 


10 


100 


10 


XiS« •« ••* a 


8 


86 


10 


57 .. 


10 


79.... 


10 


101 


lOii 


X4c« • • .... 


8 


OD • • • • 


10 


do. ... 


10 


80... 


9 


102 


lOX 


15 


8 


87.. • «■• 


10 


69 ... 


10 


81.... 


9 


103...... 


4 


16 


10 


88 


10 


60.... 
61...'. 


10 


82... 


9 


104....'. 


10 


17 


8 


89 


10 


10 


83.... 


9 


105. .. 


10 


is 


10 


40 


10 


62.... 


10 


84... 


9 


106. ... 


11 


19 


8 


41 


10 


63.. . 


10 


85.... 


10 


107. ... 


11 


80 


10 


4fi« • • • • 


10 


64. . 


10 


86. . . . 


U>tf 


108 


12 


21 


10 


43 


10 


66.... 


10 


87.... 


10 


109 


12 


S 


10 


44 


10 


66.... 


10 


88 ... 


10 







Oneida Lake Oakal and Oneida Eiyeb iMPBOVEKEiirr. 

Cost of canal u^ to 1876, $710,045,95. 



RTCMA TtlTft^ 



Constniotlon authorized 

Estimated cost at engineer's prioesi 

Construction completed 

Cost of construction 

Purctiased of company by State 

EnlarKement of loclcs authorized... 

Number and size of new loolu 

oiZw ox prioKu •••••••••••• • •••••••• 

length 

Feet of lookaffe. 



Oneida Lalce canal. 



March 22, 1832 

$40,000 

1836 

$78,829 

May 11,1840 

Chapter 46, Laws of 1860 

7,110x18 

70x56x7 

7 miles 

60ili feet. 



Oneida river improvement. 



April 29, 1889. 
$100,049. 
1860. 
$79,346. 
For $50,000. 

2.120x30^. 

8Ox0Ox4Hi. 

20 miles. 

No. 1, 8 feet ; No. S, 81^ ft. 



ON THE Canals of thb State. 



93 



Locks. 



FBBBWT OLD IO0K8. 


■NliABGBD LOOKB AUSHOBDBBD. 


No. 


Lift. 


No. 


Lift 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


A • • • • 

8 

8 


¥ 


4 

6 


10 
9» 


6 

7 


61-12 


x« • • • 

mm» • • • 

8« • • • 


f^ 


i 

o« • • • • 


10)tf 
OX 


6 

T 


8 
7X 



Oswego Oanal. 

Total cost, $4,264, 803 81- 



REMARKS. 


Oswego canaL 


Enlarged Oswego oanaL 


Ck>D8tTTiction authorlzod. 


April 20,1825 


April 16, 1854. 


Enlar^omont of locks 




Chapter 262, Laws of 184T. 

|l,m336. 

$2,051,100. 


BBtimated cost at ODfi:ineer*s prices, 
Estlmatf^d cost at contract dHcos. .. 


$227,000 

$437,000 


Construction com Dieted 


December 10, 1828 

$565,437 


SoDtembor, 1862. 


Cost of construction 


$2,925,518. 


Number of locks, and size 

Feet of lockacre 

Avorasre cost of ono lock. 


18,90x15 

Io4.o0 loot 

$10,000 

40 and 26x4 

Six... 


17, 110x18. 

154.85 feet. • 

$81,000. 


Size of prism of canal 


70 and 86x7 feet. 


Guard locks 


Five. 


Burden of boats 


60 to 75 tons ... 

88 miles 


280 tons. 


Lenffth of canal , 


38 miles. 







Locks. 



No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


1 


11 
11 
10}4 


i\ 

6 

7... 


0.68 

7 
6.866 


8 

9 

10 

11 


9 
IIX 


12 ... 

13 

14 

15 


5!d6 


16 

17 

18 


BK 


8 


mi 


9 ■ •.•.... 


9X 



Oatuga and Seneca Oanal — Oayuga Inlet. 

Total oost, $1,807,113. 



REMARK 



Construction authorized, enlarge- 
ment of locks. 

Enlarj^ement of prism 

Estimated cost at engineer's prices. 
Estimated cost at contract prices.. 

Canal completed 

Cost of construction 

Number of locks, and size 

Feet of lockage 

Length and size of prism 



Cayuga and Seneoa canid. 



April 20, 1825. 



$811,188 

$796,273 

November 16, 1828. 

$1,306,542 

11.110x18 

K^feet 



Cayuga Inlet 



May 25, 1836. 
April 16, 1864. 
$150,000. 

§160,396. 
opt ember, 1868. 
$214,000. 
TllOxlS. 

$24X miles 70 and 66x7. 
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Locks. 



No. 


T^ft. 


No. 


Lift. 


No. 


Lift 


Na 


T.lft. 


No. 


Utt. 


1 


7.28 
7 
10 


4 

( 


9 
9 


6 

7 


o.eo 




8 

9 


6.70 
ID 


10 

11 


10 


2 


8 


3 









Gbooked Lake Canal. 

Construction anthorized April ll, 1829. 

Constrnction commenced April, 1830. 

Estimated cost at engineer's prices $119,198. 

Estimated cost at contract prices 195,820. 

Canal completed October 10, 1833. 

Cost of construction 1403,697. 

Number of locks, 27 ; size .' 90x15 feet 

Size of canal prism 42 and 26x4. 

Length of canal • 8 miles. 

All the locks are composite. 

Feet of Lockage 277 83-100 feet 

Locks. 



No. 


TJft. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


1 


10.82 
10.19 
10 21 
10.26 
10.08 
10.14 


7 

• ■ • • • • 

8 



10 

U 

12 


10.10 

10.28 

10.80 

049 

9.87 

9.03 


IB.... 
14.... 
15.... 
16.... 
17.... 
18.. 


9.41 
9.86 

10 

10.29 
9,94 
9.7S 


19.... 
20.... 
21.... 
22.... 
23.... 

otV* ■ • » 


10.18 
9.88 
10.06 
10.81 
10.67 
10.37 


26 

26 

27 

Total.. 


lO.U 


tSm • • • • • • 

8 


10.68 
10.48 


5 

6 


*4.69 


277.89 







Chemung Canal and Feeder. 

Construction authorized April 15, 1829. 

Estimated cost, engineer's prices $331,225. 

Estimated cost, contractor's prices $291,831. 

Construction completed September, 1831. 

Cost of construction, 1831 $314,395. 

Cost of construction $1,643,141. 

Length and size of main canal 23 miles; 42x28x5 ft 

Length and size of feeder 16 miles ; 41x26x4 ft 

Number and size of locks on canal 49 locks ; 90x15 feet 

Number and size of locks on feeder 4 locks ; 90x15 feet. 

Kind of locks Wood. 

* Guard-look oyer lower miter till, December 20, 1868. 
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Cost of each first set, $1,650 ; age of lock 9 years. 

Cost of each second set, 15,500; age of lock. . . 19 years. 

Cost of each third set, $8,484 ; completed .... September 9, 1863. 

Lochs. 



No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


1 


10.1 


11 


9.11 


21.... 


10 


81.... 


10.8^ 


41 


10.6 


2 


10.6 


12 


10 


22.... 


10.8 


32. . 


9.10 


42 


9.5 


8 


10.7 


13 


9.11 


23 ..; 


9.7 


33.... 


10 


48 


10.2 


4 


10.7 


14 


10 


24.... 


10 4 


34.... 


10 


44 


10.8 


6 


10.3 


16 


10 


25... 


10.2 


a5.... 


10 


45 


9.5 


6 


10.3 


18 


10 


26.... 


9 


36... 


10.1 


46 


9.1 


7 


10.5 


17 


10.1 


27... 


10.9 


37.... 


10 


47 


8.10 


8 


9.4 


18 


10.8 


28.... 


10.3 


38.... 


10 


48 


7.3 


9 


10.3 


19 


10.8 


29 ... 


9.8 


39... 


10.1 


4V.. . . . 


X8.8 


10 


10.3 


20 


9.7 


30... 


10.2 


40.... 


10 







Chenango Canal. 

Construction authorized February 23, 1838. 

Construction commenced Jnly, 1834. 

Construction, estimated at engineer's prices. . . $1,960,450. 

Construction, estimated at contractors' prices. . 1,859,849. 

Construction completed October, 1836. 

Construction, actual cost $4,542,107. 

Number and size of locks 116 locks ; 90x15 feet. 

Size of prism 40 and 28x4. 

Kind of locks Eubble stone. 

Average cost of one lock $8,000. 

Length of main line of canal 97 miles. 

Feet of lockage l,015i. 

Burden of boats 50 to 70 tons. 



Logics* 



No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


No. 


Lift. 


1 


5 


25 


9 


48.... 


9 


71... 


9 


94 ... 


8 


« 


6 


26 


9 


49.. . 


10 


■72.... 


9 


95.... 


8 


a 


8 


27 


10 


50.... 


10 


73.... 


9 


96... 


8 


4 


8 


28 


10 


61.... 


10 


74.... 


9 


97,... 


8 


5 


10 


AVa .... 


10 


52.... 


10 


75.. . 


9 


98... 


6 


6 


10 


80 


10 


53.... 


10 


76.... 


10 


W . • «. 


10 


7 


10 


31 


10 


64.... 


10 


77.... 


6 


100.... 


10 


8 


9 


82 


10 


55... 


10 


78.... 


5 


101... 


10 


9 


9 


33 


10 


56. . 


10 


79.... 


5 


102.... 


6 


10 


8 


84 


10 


57. .. 


10 


80.... 


8 


103.... 


10 


U 


8jitf 


85 


10 


68.... 


10 


81.... 


8 


104.... 


10 


12 


8.4 


86 


10 


59 .. 


10 


82.... 


9 


105.... 


7 


13.. 


8.4 


87 


10 


60 ... 


10 * 


83 ... 


9 


106.... 


6 


14 


8.4 


88 


10 


61.... 


10 


o4. ... 


8 


107.... 


10 


15 


8.4 


39 


9 


62 ... 


10 


85.... 


6 


108... 


7 


16 


7 


40 


9 


63.... 


10 


86.... 


10.8 


109... 


6 


^l-*«* •• 


7 


41 


9 


64... 


10 


87.... 


10 


no.... 


9 




8 


42 


9 


65.... 


10 


oo. • • • 


10.6 


m,... 


IB 


j}9 • • ' • • • • 


10 


40* • • • 


9 


66.... 


10 


89 ... 


7 


112.... 


7 


20 


10 


44 


9 


67.... 


9.8 


90.... 


8 


118.... 


9.8 


21 


9.6 


45 


9 


68.... 


9.8 


91.... 


8 


114 ... 


18 


22 


9 


46 


9 


09... 


9.3 


92. .. 


8 


U5... 




23 


9 
9 


47 


9 


70 ... 


9 


93.... 


6 


116 .... 




24 
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Obnesbe Vallet Oanal and Dansyille Bbakoh. 

Oonstrnctioii authorized May 6, 1836. 

Estimated cost at engineer's prices. 12,002,285. 

Estimated cost at contract prices $4,900,122. 

Completed to Dansyille. .1 November 1, 1842. 

Completed to Olean November, 1856. 

Completed to Mill Grove pond December, 1861. 

Total cost of canal and reservoirs $6,433,842. 

Length of canal and side-cut 124| miles. 

Size of prism of same 42, 26x4 feet. 

Burden of boats 50 to 55 tons. 

28 stone locks, cost each $10,000. 

73 composite locks, cost each $8,000. 

11 wood locks, cost each $5,000. 

Total number and size of locks 112 locks 90x15 feet. 

Lochs, 



Ko. 


Lift. 


No. 


Lift. 


Ko. 


Lift. 


No. 


Lift. 


No. 


Lift. 


1 


14 8 


24 


9 


47 


10 


70 


7.9 


98 


8 


% 


8 


25 


10 


48 


10 


71 


11 


94 


8 


8 


10 


28 


10 


41V* • • • > • 


10 


72 


8 


96 


9 


4 


10 


27 


11 


60 


12 


73 


8 


98 


10 


5 


10 


28 


8 


61 


12 


74 


9 


97 


10 


6 


7 


29 


12 


62 


12 


76 


9 


OD. . • • ' 


11 


7 


8.1X 


80 


10 


68 


12 


76 


10 


99 


11 


8 


7 


81 


10 


64 


12 


77 


10 


100 


10 


9 


11.8 


88 


10 


65 


12 


78 


10 


101 


8.9 


10 


11.8 


83 


10 


66 


J2 


79 


10 


102 


8 9 


U 


11 


84 


10 


67 


12 


80 


8 


103 


9 g* 


12 


10 


86 


10 


68 


12 


81 


10 


104 


9 g 


IB 


11 


88 


10 


69 


12 


Ow« • • ■ • • 


U 


105 


9 o. 
11 g 


14 


U 


87 


8 


flO 


12 


88 


11 


106 


16 


U 


88 


10 


61 


8 


84 


11 




s. 


lO ... • • • 


11 


o9 


U 


88 .• 


12 


86 


11 




• 


17 


11 


40 


n 


88 


8 


88 


11 


BansY'le 


Branch. 


xo • • • . * • « 


10 


41 


u 


84 


12 


87 


11 


1 

L • . . . 




18 


8 


42 


10.0 


65 


9 


88 


11 


2 ... 




80 


U 


48 


10 


88 


9 


89 


11 


v> •• « 




81 


10 


44 


10.8 


87 


9 


90 


11 


4.... 


82.8 


9 ... 


10 


46 





68 


10 


91 


8 


6...* 


8b 


u 


46 


K^ 


89 


10 


82 


8 


6. ••* 
7.. . 
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The total tonnage of all the property on the oanaUy ascending and 
descending^ its valtte and the amount of tolls collected for the forty- 
one years preceding, is as follows: 



YBAB. 


Tona. 


Value. 


Tolls. 


1837 


l,171.29fi 


$55 . ftOQ . 28fi 


$1 , 992 fi9.^ 


1838 


2 

2. 
3 
3 
3, 

i. 
4 

i. 
i. 

3, 

3 

3. 

4, 
• 4, 
5, 
5i 
4, 
4, 
5, 

I' 

6, 

6. 

6, 
6 

4 

4 

4 


,333 

,435 

,416 

,521^ 

,236 

,513 

,816 

,985 

,268' 

,869 

,796 

,894 

,076 

,582 

,863 

,247' 

,165 

,022 

,116 

,344 

,781' 
,650 
,507. 
,598 

,557; 

,852. 
,729, 
,775, 
.688, 
,442, 
,859, 
,173, 
,467, 
,673, 
,364, 
,804. 
,859, 
,172. 
99.9 


,011 
,713 
,046 
,661 
,931 
,439 
,586 
,011 
,662 
,810 
,230 
,732 
,617 
,733 
,441 
,852 
,862 
,617 
,082 
,061 
,192 
,684 
,214 
,635 
,785 
,692 
,941 
,654. 
,220 
,325 
,225 
080 
,769 
,888 
,370 
,782 
,588 
,868 
,129 
,875 


65 
73; 

66, 

92 

60' 

90 
100 
115 
151 
140 
A4 
156 
159 
196 
207 
210. 
204 
218. 
136 
138 
132 
170. 
130 
203 
240, 
274, 
256, 
270. 
278, 
305, 
249, 
231, 
238, 
220, 
191, 
*196, 
145, 
118, 
128, 


»746, 
,399 
,303 
,202; 
,016 
,276 
,921 
,553 
,612 
,663, 
,086 
,732 
,397 
,981 
,603 
,119 
,284 
,390 
,327 
,997 
,568 
,160 
,849 
,115 
,234. 
,046, 
,400, 
,237, 
,963, 
,956, 
,301, 
,281, 
,836, 
,767, 
,913, 
,715, 
674, 
,008, 
,090, 
,923, 


,559 

,764 
,892 
,929 
,608 
,909 
,152 
,245 
,109 
,428 
,157 
,285 
,929 
,801 
,517 
,570 
,312 
,147 
,062 
,018 
,844 
,758 
,198 
,893 
,331 
,461 
,639 
,104 
,676 
,712 
,929 
,284 
,176 
,691 
,321 
,500 
,322 
,575 
379 
,890 


1; 
1, 

1, 

2' 

1 

2 

2' 

2 

2 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

1 

3 

3 

5 

4 

3 

3. 

4' 

4; 

5, 
3. 

2. 
3. 

3, 

2, 

2, 
1, 


.590.911 


1839 


.616 382 


1840 


.775*747 


1841 


.034,882 


1842 


.749,196 


1843 

1844 


,081,590 
,446,374 


1845 


,646,181 


1846 .... 

1847 


,756,106 
,635,381 


1848 


, 252 , 212 


1849 ,.. 

1850 

1861 


,268,226 
,273,899 
,329,727 


1852 


,118,244 


1853 


,204,718 




,773,566 


1855 


,805,077 




, 748 , 203 


1857 


, 045 , 641 


1859 


,110,754 
, 723 , 945 




,009,597 


1861 


,908,785 




,188,943 


1863 


. 645 , 207 




,283,982 
.839,955 


1866 




.436,639 


1867 


,088,058 


1869 


,246,563 
,778,501 


1871 


,611,578 
,100,838 




,072,411 


1873 


,976,718 




637,071 


1875 


590,022 




340,204 


1877 


880.896 
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ON THE Canals of the State. 99 

The names and extent of those canals which the Legislature is pro- 
hibited from selling, leasing or otherwise disposing of, by section 6 of 
article 1 of the Constitution, as amended, together with the feeders 
connected therewith, and clearly necessary to furnish the requisite 
supply of water for the same, are as follows : 

Erie Canal. 

Name of canal. Miles. 

Erie canal, Eastern Division 106 . 24 

Erie canal, Middle Division 97 . 02 

Erie Canal, Western Division 148 , 90 

Albany Basin 0.77 

Port Schuyler and West Troy side-cut 0. 35 

Total 363.28 

Feeders. * 
Mohawk river, at Cohoes 

Rexford Flats feeder 0.39 

Schoharie Creek feeder . 63 

Rodcy Rift feeder 3.92 

Little Falls feeder .- 0.69 

Ilion Creek feeder 

Butts Creek feeder 

Oriskauy Creek feeder , 0.63 

Mohawk river, at Rome . 06 

Black River canal (navigable) 17 . 054 

Oneida Creek feeder 

Cowasselon Creek feeder 

Limestone Creek feeder . 80 

Butternut Creek feeder, Orville 1 .65 

Camillus Creek feeder 1.00 

Chittenango Creek feeder 

Cazenovia Lake reservoir 

Erieville reservoir 

De Ruy ter reservoir 

Jamesville reservoir (on Butternut creek) 

Nile Mile Creek feeder 

Carpenter Brook feeder 

Skaneateles Lake reservoir 

Otisco Lake reservoir 

Putnam Brook feeder 

Owasco Creek feeder 

Genesee River feeder 3 . 00 

Oak Orchard Creek feeder , . 
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Oswego Canal. 

Name of canal. Miles. 

Syracuse to Oswego 38 . 00 

Feeders. 
Seneca river , 

Oneida river 

Erie canal 

Cayuga and Seneca. 
Montezuma to Cayuga 22.11 

Feeders, 
Seneca lake 

Erie canal 

Champlain Canal. 

Junction to Whitehall and West Troy side-cut *. . . 66 . 00 

Pond above Troy dam 3 . 00 

Total 6^.00 

Feeders. 
Mohawk river, at Cohoes 

Hudson river, at Saratoga dam 

Glen's Falls feeder and pond above 12 . 00 

Wood creek '. 

SUMMABY. 

Erie canal 351 . 78 

Oswego canal 38 . 00 

Cayuga and Seneca canal 22 . 77 

Champlain canal 69 . 00 

Total to be retained for purposes of navigation 481 .65 

Add portions of present navigable canals necessary to be 
retained as feeders. 

Black River canal * 17 . 04 

Glen's Falls feeder and pond above 12 . OO 

Chenango canal 8 . 00 

Genesee Valley canal , 

Total to be retained for purposes of navigation, and for 

feeders 37.04 

* Twelve milee of feeder and 6.04 milee. of canal proper. 
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> 

From the foregoing it will be observed that/ of the 906.95 miles of 
canal and of navigable feeders owned by the State, there remain 388.36 
miles subject to such disposition as the Legislature may authorize or 
direct. 

From the foregoing it will be observed that there are 906.95 miles of 
navigable canals and feeders; there are also 19.13 miles of feeders not 
navigable, making a total of 926.08 miles of canal and feeders, under 
the supervision of this department, exclusive of the Chenango Canal 
extension, work upon which has been practically suspended. 

The total length of navigable canals and feeders, together with the 
lakes and rivers artificially connected therewith, in the State of New 
York, is as follows : 

Miles. 

Total length of artificial canals and feeders 906 . 95 

Hudson river, from New York to Waterford 165 . 00 

Lake Champlain, from Whitehall to Kouse's Point 11 1 . 00 

Oneida lake 22.00 

Cayuga lake 39 . 00 

Seneca lake 35.00 

Crooked lake J9.00 

Delaware and Hudson canal (in this State) belongs to a cor- 
poration • 87 . 00 

Junction canal belongs to a corporation 18.00 

Total ^ 1,392 95 
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ANNUAL REPORT 
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DIVISION ENGINEER, EASTERN DIVISION, NEW YORK STATE 

CANALS, 1877. 



DiTiBioN Enoineeb's Ofpice, ) 
Albany, October 1, 1877. f 

Hon. John D. Van Buben, Jr., StcUe Engineer and Surveyor : 

Sib. — I have the honor to transmit herewith my annual report for the 
fiscal year ending September 30, 1877. 

Tours respectfully. 

E. SWEET, Jb., 

Division Engineer, 

^ Descbiption of the Eastebn Division. 

The eastern division now consists of the Erie oanal, from Albany to 
the east line of Oneida county, and the whole of the Champlain canal, 
including their basins, side-cuts, river improvements and feeders. 

Their navigable extent is as follows: 

Miles. 

Erie canal, Albany to XJtica 106 . 243 

Port Schuyler side-cut • .35 

Albany basin .77 

Mohawk feeder (north side), Little Falls .60 

Champlain canal, including Waterford side-cut, and Cohoes and 

Saratoga dams : 66 . 00 

Pond above Troy dam 3 . 00 

Glen's Falls feeder and pond 12.00 

Total 188 . 863 

Mctent of feeders not navigable. 

MUes. 

Mohawk river, at Rexford Flats .39 

Mohawk river, south side. Little Falls .19 

Mohawk river, at Rocky rift 3 . 92 

Schoharie creek .63 

Total 6.13 
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Watbb Sxtpplt. 

The portion of the Erie canal between Little Falls and the western 
limit of this division is supplied, through the Rome level, from the upper 
water sheds of the Mohawk and Black rivers, a portion of which is 
stored in artificial reservoirs, all of which are upon the middle division. 

From Little Falls to Albany, though there has been an unusual 
number of lockages, there has been a surplus of water available through 
the river feeders, and I do not apprehend any deficiency of supply will 
ever exist on the eastern declivity of the Erie canal, except from the 
summit level. 

The water supply of the Champlain canal is ample and secure beyond 
any probable contingency. Its summit level controls the entire drainage 
of the Hudson above Glen's Falls, which is supplemented on the north, 
at Fort Ann, by the waters of Wood creek, and on the south, at Fort 
Miller, by the small drainage of the Hudson, between that point and 
Glen's Falls, and at Cohoes, by the waters of the Mohawk. 

The only difficulty attending the supply of water upon this canal, is 
that from changes of surface declivity on its long level, between locks 
9 and 10, consequent upon the frictional resistance of its shallow and 
tortuous channel, when water is rapidly drawn for lockages or other 
purposes. These changes of surface declivity have occasioned frequent 
detentions to navigation upon this level, and I would suggest the advis- 
ability of raising its embankments and increasing the capacity of its 
wate-weirs sufficiently to remedy this difficulty. 

Obdinaby Repaibs. 

The ordinary repairs upon this division have been performed in such 
a manner as to greatly improve the general condition of the structures 
and to fully maintain the efficiency of the canals within its limits. 
These results have been attained with a smaller expenditure than has 
been required for this class of repairs for many years. 

No serious detention to the navigation of this division of the Erie 
canal has occurred, except that due to the failure of a part of the old 
floor timbers in the eastern span of Spraker's aqueduct. This was imme- 
diately repaired, in a temporary manner, so as to permit the resumption 
of navigation on the following day. 

The result of the vertical discharge of the water in this level, into the 
channel beneath this part of the aqueduct, was to undermine the east 
abutment to such an extent as to render its reconstruction advisable before 
the next season of navigation. 

There have been three breaches in the banks of the Champlain canal 
during the past season; one at Stillwater, one at Goveville, and one on 
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the feeder at Glen's Falls. • Neither of these breaks required more than 
twenty-four hours for its temporary repair. 

Slight detentions also occurred on the Charaplain by an accident to a 
gate at the Upper Saratoga guard-lock, and by the undermining of the 
walls of locks 5 and 13 on the Glen's Falls feeder. 

The first two breaks resulted in serious damage to the structures at 
which they occurred, and the last named accidently disclosed defects in 
the founding of the feeder locks, which should be carefully investigated 
and remedied before the resumption of navigation next year. 

There have been some important works execufed and paid for as 
ordinary repairs during the year. 

The drops in the artificial channel of the creek at East Frankfort have 
been thoroughly repaired, including the renewal of part of the aqueduct 
foundation and the construction of a new apron at the upper drop. 

These repairs involved extensive pumping operations, and have been 
thoroughly executed. 

The aqueducts at Yates ville, Lasher's, and Hoffman's ferry, have been 
retrunked with Georgia pine timber. 

The channel of Chucktenunda creek, at Port Jackson, has been exca- 
vated to a depth of about four feet, from its mouth to a point 300 feet 
above the canal culvert. 

A dock of rubble masonry, about 300 feet in length, has been con- 
structed in front of the State repair shops at Cohoes. 

Five thousand lineal feet of, permanent drains have been constructed 
along the canal in West Troy, to drain cellars inundated by canal leak- 
age, and which have completely effected the object for which they were 
designed. 

The culvert at Coveville, partly destroyed by the break in May last, 
has been thoroughly repaired and lengthened. 

The bottoms of locks 7, 15 and 18 have been concreted anew and 
replanked. 

Extraordinary Repairs. 

The only repairs of this class undertaken, during the year, were those 
authorized by the resolution of the Canal Board, dated December 5, 
1876, under act chapter 425, Laws of 1876, and consisted of rebuilding 
two culverts of the Erie canal, one near lock 24 and one at Crescent; 
rebuilding lock 6, of the Champlain canal; building three new iron 
bridges; one at Exchange street, Albany ; one at Port Schuyler, and one 
at Liberty street, Schenectady, an(l rebuilding abutments on the Cham- 
plain canal. All these works, except the Champlain abutments, were 
completed before the opening of navigation last spring. Of the latter, 
forty-two have been entirely, and seven partially, rebuilt, and the 
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materials have nearly all been delivered for the completion of the 
entire work. 
The estimated and actual cost of these various works were as follows : 



STRUCTURE. 



Rebailding cnlvert near Lock No. 24 

Rebaildin^ calvert at Crescent 

Rebuilding Lock 6. Gbamplain canal 

Building wrougbt-iron bridge at Exchange street, Albany. .. 

Building wrought-iron bridge at Port Schuyler 

Building wrought-iron bridge at Liberty street, Schenectady, 

Rebuilding Champlain canal abiltments, first division 

Rebuilding Champlain canal abutments, second division 



Estimated 


Actual 


cost 


cost. 


$2, 948 00 


$5, 009 31 


1,194 60 


1,807 63 


10, 719 50 


15, 140 76 


1,479 60 


1,807 67 


3,5»4 «0 


S, 596 45 


2,2»tf 80 


2, 423 61 


12,056 00 


7,905 16 


20,185 00 


11,677 96 



Remarks. 



Incomplete. 
Incomplete. 



The fact that the final costs of three of these works considerahly exceeds 
the estimates, resulted principally from the following reasons: A severe 
frost set in immediately on the close of navigation, and continued with- 
out intermission, and with but little snow, through the month of Decem- 
ber. During this period nearly the whole of the excavation had to be 
accomplished. The frost penetrated during the night as deep as could 
be excavated the following day, and it is only owing to the judicious 
use of powder that the item of excavation was not far greater than it is. 
The cost of embankment was also increased by it being found necessary 
to borrow material, the larger part of that coming from the excavation 
being too full of frozen lumps to be deemed a proper material to use. 

On lock 6 an accurate account of the various items of work was kept* 
and I append an abstract therefrom in illustration of the above : 





Estimated. 


Actual. 


Difference. 


Total. 




Amount. 


Cost. 


Amount. 


Cost. 


Excavation 

Embankment 


$2,200 00 
2,200 00 


$440 00 
440 00 


$4,741 00 
4,741 00 


$8,077 00 
1, 675 00 

/ 


$2, 637 00 
1,235 00 


- 




$8,872 00 







The increase in amount arose from the fact that the bank was origin- 
ally founded on swamp mud, which caved badly while the foundation 
was being put in. 

The excess in actual cost over the estimate was |4,408.13, of which 
$3,872 is accounted for as above, leaving the increase on other items but 
$536.13, of which fully ^400 was invested in tools, derricks, etc., left ou 
hand on the completion of the work. 

Special Repairs Recommended. 

The guard-lock on the north side of the Mohawk river, at Waterford, 
is the only wooden lock remaining on this division of the canals. It is 
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badly decayed, is too narrow, and should be rebuilt of stone without 
delay. 

The river tow-path wall, for 300 feet south of this lock, is also of wood 
and in bad order. So large a part of itg volume is above water that per- 
manence and economy demand that it should be rebuilt of stone. The 
lock and retaining wall should be built at the same time as the necessary 
bailing and draining, for both can be accomplished with the aid of the 
same coffer dams. 

I inclose plans, estimates and specifications for this work. I also 
inclose a statement of the nature, extent and probable cost of the other 
special repairs, which appear to me to require immediate attention, 
excepting the repair of the feeder locks. 

The extent of the latter can only be determined after the close of 
navigation, when the bottoms can be overhauled and examined. 

Locks No. 8, No. 11, No. 13 and No. 25 of the Erie canal have defec- 
tive bottoms, which should be concreted anew, and replanked this win- 
ter. The extent and cost of these repairs cannot be determined until 
the water is withdrawn from the canal. 

The east abutment of Spraker's aqueduct should also be rebuilt this 
winter. 

Survey op the Erie Canal. 

The survey was begun the 12th of June, 1876, and the field work was 
completed October 3l8t, 1876, but we have only recently completed 
plotting the levels and soundings and developed the results of the survey. 

An inspection of the cross-sections discloses the fact that there is no 
place on this division of the Erie canal where there is not now in the 
middle of the prism seven feet available depth of water, and very few 
places where the water section is not of greater area than the standard 
section provided by the plan of enlargement. 

The average depth is more than seven and a-half feet in the center and 
six and a-half feet at the bottom of the slope. The effect of currents 
and waves of displacement has been to produce a natural curvature in 
the bottom, and it is extremely doubtful whether any money can prop- 
erly be expended on this portion of the Erie canal " for the purpose of 
securing a uniform depth of seven feet of water therein." 

This is true of those portions where the much abused wall-benches 
remain. In fact, I consider the removal and substitution of steep slope 
indefensible on engineering grounds, whether regard be had to the 
economy and durability of the constructions for protecting the banks, or 
the adaptability of the form of channel section to the purposes of navi- 
gation. ^ 

The pretense has been that a larger prism was required and was thus 
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produced, but where the wall-ben cheB remain the water section is more 
than four times the submerged section of the largest loaded boat, which 
is deemed sufficient by competent authorities, and, in truth, the removal 
of the wall-bench has generally resulted in widening the prism at the 
bottom and narrowing it at the top, without materially altering its sec- 
tional area. 

These cross-sections, however, indicate that the tow-path embankment 
has not been uniformly kept up to the standard hight. The Extent of 
it which requires raising to insure the safety of the prism is not very 
considerable and can readily be raised in the ordinary repair of the canal. 

In making this survey of the Erie canal we have, by consecutive 
measurements and carefully tested levels, accurately determined the 
position, elevation and lift of the various locks, and the position and* 
dimensions of all its important structures, and have established per- 
manent benches, which are described and recorded for future reference. 
We have also determined and recorded the most important details of 
construction and the present condition of all the structures, so that we 
now have the data for estimating closely the probable cost of their 
annual maintenance. I have already tabulated all the important struct- 
ures of the Erie canal upon this division, and computed the quantities of 
perishable materials they contain, with the following results : 

The materials are classified with reference to their comparative dur- 
ability. 

NuMBEB OF Bridges, Eastern Division, Erie Canal. 

Street and road, wrought iron 10 

Street and road, cast iron 82 

Street and road, iron lower chords 24 

Street and road, chords and struts entirely of wood 8 

Change bridges, wrought iron ji 1 

Change bridges, chords and ^ruts entirely of wood 1 

2 

Farm bridges, wood with iron chords IV 

Farm bridges, entirely of wood 86 

103 

Total number of bridges 1 V9 
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Locks — Erie Canal. 



NUMBER. 


Elevation of 

lower mitre-till 

above T. W« 


Elevation of 
coplDg above 

t.w. 


Lift. 


1 


7.443 

7.716 

17.211 

28.880 

39.700 

50.357 

60.430 

70.8(4 

80.906 

90.314 

100.676 

110.297 

120.193 

130.548 

140.580 

150.413 

160.458 

170.745 

180.994 

189.435 

199.863 

210.979 

222.588 

280.906 

238.232 

246.813 

255.178 

263.164 

270.887 

278.286 

288.499 

294.366 

302.492 

308.196 

316.679 

324.464 

334.483 

a44.381 

358.114 

1 863.688 

872.162 

880.448 

888.402 

896.471 

407.208 


16.115 
25.716 
37.471 
48.600 
59 890 
69.357 
79.010 
89.246 
99.406 
109.314 
119.826 
129.387 
139.293 
149.248 
159 880 
169.833 
179.478 
189.785 
198 214 
208.095 
219.573 
231.159 
239.488 
247.766 
255.762 
263.683 
271 . 608 
280.034 
287.407 
297.656 
303.259 
311.476 
817.262 
325.276 
333.529 
343.244 
353.273 
862.901 
872.944 
880.718 
889.012 
897.118 
404.902 
416.441 
427.388 


16.159 


2 


9.495 


8 

4 


11.169 
11.380 


5 


10.597 


6 


10.073 


7 . 


9.931 


8 

9 


10.545 
9.408 


10 


10.862 


11 


9.621 


12 » 


9.896 


18 


10.345 


14 


10.032 


15 


9.883 


16 


10.045 


17 


10.287 




10.249 


19 


8.441 




10.418 


*: 

21 


11.126 




11.609 


28 


8.818 


mf%j ..••.•••..•.•«••.••..••..••••••■•••••••• 

24. . r 

25 


7.826 

8.581 


26 

27 


8.865 
7.886 




7.723 


29 


7.399 




10.213 


31 


5.867 




8.126 


33 


5.704 




8.483 


35 


7.785 




10.019 


37 


9.898 




8.733 


89 


10.524 




8.524 


41 


8.286 




7.954 


43 : 


8.069 




10.737 


46 


11.172 






1 ) 


"W "1 A 'WTT n^ • lit 


2 

1 ) 

2 

1 


Lower side-cut, W . Troy, single locks- 
Upper side-cut, West Troy, double 

locks. 
Weigh-lock at Albany. 
Weiffh-lock at West Trov. 








— . . - - ^ 
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Aqueducts — Erie Canal. 



V 

a 




Name. 


LOCATION - 
DISTANCE WEST OF LOCK. 


Interior 
width. 




aS. 

a «• 


Total length. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 


Lower Mohawk. . . 
Upper Mohawk... 
Flat Stone creek.. 

SansaiKill 

Schoharie creek... 
Tokkon creek... 
Leonardoon creek. 
Leonardson creek. 

PlattKill 

Bewman^s creek.. 
Otsqaago creek... 

Castle creek 

Fulmer creek 

Aqueduct 

Myers' creek 

Ferguson creek... 


220 chains 52 links W. of lock 18. . . 

6 chains 60 links W. of lock 23. . v . . 

118 chains 97 links W. of lock 24 

171 chains 9 links W. of lock 25. . . . 

8 chains 97 links W. of lock 80. ... 

664 chains 91 links W. of lock 30 

846 chains 38 links W. ol lock 80 

984 chains 92 links W. of lock 80 

• 5 chains 77 links W. of lock 81. . . 
251 chains 97 links W. of lock 81 

18 chains 31 links W. of lock 82 

7 chains 1 link W. of lock 35 

2 chains 72 links W. of lock 43 

129 chains 86 links W. of lock 48 

2 chains 74 links W. of lock 45 

452 chains 85 links W. of lock 45 


40 ft. 6 in. 
44 ft. 4 in. 

53" ft'.!.'! 
40« ft. . . 
51K ft.... 
51 ft.... 
50 ft.... 
50 ft.... 

563^ ft.!!! 
65>tf«l.... 
51>i^ft.... 
66 ft.... 
57^ ft.... 


• • • • 

• • ■ • 

8 
4 
14 
4 
4 
8 
5 
5 
5 
5 
8 
2 
2 
1 


17 chs. 23 Iks. 
9 chs. 25 Iks. 
Ich. 13 Iks. 
1 ch. 55 Iks. 
9 chs. 46 Iks. 
Ich. 53 Iks. 
Ich. 53 Iks. 
1 ch. 18 Iks. 
Ich. 94 Iks. 
Ich. 94 Iks. 
Ich. 91 Iks. 
Ich. 94 Iks. 
Ich. 12 Iks. 

74 Iks. 

74 Iks. 

88 Iks. 



Waste Weibs — Erie Canal. 



• 

1 

a 


LOCATION — DIS- 
TANCE WEST OF LOCK. 


t 

> 

m 

4 

10 
5 
8 
4 
4 
8 
4 
2 
5 
2 
4 

• • 

4 

• • 


Size of yalves. 


Length of 
spillway. 


Height of crest-l-O. B. 


1 
2 


806 chs. 80 Iks. W. lock 2 

19>]rchB. W.lock 8 
7>tfch8. W.lock 9 
18 chs. 40 Iks. W. lock 18 
12 chs. 20 Iks. W. lock 20 

868 chs. 46 Iks. W. lock 22 

168 ohs. 84 Iks. W. lock 27 

1097 chs. 9 Iks. W. lock 30 

8 chs. 56 Iks. W. lock 88 

286 chs. 2 Iks. W. lock 85 
2)4 chs. W. lock 86 
16 chs. 52 Iks. W. lock 89 
18 chs. 2 Iks. W.lock 4U 
10 chs. 64 Iks. W. lock 41 
18 chs. 82 Iks. W. lock 42 


2>^ft.x3ft 

2ft.x2Vft 

2 ft. 1 inz2 ft. 8 in.. 


88 ft. (less 10 

posts 1 ft.) 

15 ft 


6.83 
7 68 


3 

4 


14 ft. 6 in.... 
28 ft, 6 in.... 
17 ft 


7.69 
6 86 


5 


3 ft.x2 V ft 


6 91 


6 


2ft.x2>^ ft 


12ft 

12 ft 

12 ft 

10 ft 


6 80 


7 
8 


4 ft. 8 in. x2 ft. 10 in,. 
3 ft.z2>^ ft 


7.41 

7 48 


9 


5ft.x2Hft 

2ft.x2j^ ft 


Bot. of opening 4.5xC. B. 

7 58 


10 


13 ft. 6 in.... 
lift. 6 in... 
10ft ... 


11 
12 
18 


5)in.x2^tt 

* 


Bot. of opening 4.92zC. B. 

6.78 


14 


2V4 ft.x2 ft. 2 In 


10 ft 


7 42 


15 




Filled up — not in use. 
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Bridges. 

yr., B. M. 

Quantitj of timber io floors of street, change and road bridges, 350,419 

Quantity of timber in floors of farm bridges 272 ,685 

Quantity of timber in floor joists and sidewalks of all bridges. . 319,861 

Quantity of timber in needle beams of all bridges 129,574 

Quantity of timber in trusses of all bridges 610,065 

Our statistics of bridges recently repaired have led me to the follow- 
ing conclusions as to the life of these different classes of materials : 

Oak in floors for street, change and road bridges 5 years. 

Hemlock in floors for farm bridges 6 years. 

Pine in joists ann sidewalks plank of all bridges 8 years. 

Oak in needle beams of all bridges ... 8 years. 

Pine in tinisses of all bridges 12 years. 

Applying these conclusions to ^he classified quantities, the annual cost 
of maintaining these structures would be, making due allowance for 
removal of old and substitution of new work, and repairs and renewal 
of iron : 

94,015 square feet painting, at 2 cents $1 , 880 30 

70,084 feet, B. M., oak in floors, at $40 2,803 36 

45,447 feet, B. M., hemlock in floors, at $25 1 , 136 18 

39,983 feet, B. M., pine in joists and sidewalks, at $40. . . . 1,599 32 

16,197 feet, B. M., oak in needle beams, at $75 1,214 78 

42,505 feet, B. M., pine in trusses, at $75 3, 187 87 

$11,821 81 
Locks. 

PT , B. X. 

Quantity of oak in gates 666 , 600 

Quantity of pine in gates ^ 68., 992 

Quantity of oak in piers 268 , 182 

Quantity of pine in piers 804,546 

Quantity of oak in mitre sills 103 , 880 

Quantity of pine in floors .' 1 , 869 , 200 

The life of the different classes of materials are estimated as follows: 

Oak in gates 6 years. 

Pine in gates 6 years. 

Oak in piers 15 years. 

Pine in piers 15 years. 

Oak in mitre sills 20 years. 

Pine in floors 20 years. 
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The annual cost of maintaining these structures would be, considering 
the removal of old and substitution of new work, and removal of iron: 

111,100 feet, B. M., oak in gates, at $80 $8,888 00 

1 1,600 feet, B. M:, pine in gates, at $60 676 00 

17,880 feet, B. M., oak in piers, at $60 , . . , 894 00 

63,639 feet, B. M., pine in piers, at $40 2 , 146 66 

6,194 feet, B. M., oak in mitre-sills, at $60 259 70 

93,460 feet, B. M., pine floors, at $40 3,738 40 

Total i $16,600 66 

Aqueducts. 

Quantity of oak in sides 464,396 

Quantity of pine in sides 168 ,690 

Quantity of oak in bottom ; 396 , 849 

Quantity of pine in bottom 2,370,276 

The life of the different classes of timber are estimated as follows: 

Oak in sides 12 years. 

Pine in sides ' 12 years. 

Oak in bottom % 16 years. 

Pine in bottom 16 years. 

The annual co»t of maintaining these structures would be, considering 
the removal of old and substitution of new work, and renewal of irou: 

38,700 feet, B. M., oak in sides, at $60 $2,322 00 

13,216 feet, B. M., pine in sides, at $40 628 64 

24,741 feet, B. M., oak in bottom, at $60 1 , 484 46 

148,142 feet, B. M., pine in bottom, at $40 6 , 926 68 

Total $10,260 78 

Waste Weibs. 

7T. B. X. 

Quantity of pine in floors 26,630 

Quantity of oak in bulk-head 23 , 422 

Quantity of pine in bulk-head 2,814 

The life of these different classes of materials are estimated as follows : 

Pine in floors 16 years. 

Oak in bulkhead 12 years. 

Pine in bulkhead 12 yea rs. 

8 
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The annual cost of maintaining these structures would be, considering 
the removal of old and substitution of new work and renewal of iron : 

1,702 feet, B. M., pine in floors at $40 $68 08 

1,952 feet, B. M., oak in bulk-head, at $60 '. 117 12 

235 feet, B. M., pine in bulk-head, at $40 * 9 40 

Total $194 60 



Improvement op the Champlain Canal. 

The work of our force on this canal has been directed to ascertaining 
the quantities and probable cost of the work involved in strengthening 
and raising its banks during the season of navigation, so as to secure a 
uniform depth of six feet throughout its extent, provided* for in act 
chapter 185 of the Laws of 1876. Carefully prepared estimates, plans 
and specifications for executing the improvement in this way are already 
in your possession. 

Consecutive measurements and levels have not been undertaken in the 
survey of this canal, but the dimensions, character and condition of its 
structures have been noted. The bridges have been tabulated and 
amounts of timber in their superstructures classified, as on the Erie canal. 

t 
Bridges on the Champlain Canal and Glens Falls Feedeb. 

Street and road, wrought iron' 9 

Street and road, cast iron T 4 

Street and road, wood with iron chord 2 

Street and road, entirely of wood 61 

66 

Farm bridges, wood with iron lower chords 

Farm bridges, entirely of wood 85 

86 

Change bridges, entirely of wood 9 

Total number of bridges 160 

Feet, B. M., oak in floors of street, change and road bridges. . 192,563 

Feet, B. M., hemlock in floors of farm bridges 171, 360 

Feet, B. M., oak in needle beams 81 ,610 

Feet, B. M., pine in joists 199,605 

Feet, B. M., pine in trusses 353 , 103 
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Adopting the same periods of durability for these various classes, as 
in the Erie estimates, we have for the probable annual cost of maintain- 
ing these stmetures: 

38,513 feet, B. M., oak in floors, at $40 $1 ,640 62 

28,660 feet, B. M., hemlock, in floors, at |26 714 00 

10,201 feet, B. M., oak in needle beams, at $75 ' 765 08 

24,951 feet, B. M., pine in joists, at $40 998 04 

29,426 feet, B. M., pine in trusses, at $76 2,206 88 

61,867" square feet painting, at 2 cents 1 , 237 34 

$7,461 86 



The perishable materials in the other structures of this canal have not 
yet been computed and classified. 

Locks op the Champlain Canal. 



NUMBER. . 


Eleyation of 

lower mitre-eill 

above T W. 


Eleyation of 
coping above T.W. 


Lift 


1 


17.346 

28.727 

40.900 

40.900 

40.825 

64.031 

1 65.444 

74.731 

86 . 764 

94.248 

94.248 

104.148 

113.283 

123.070 

132.168 

132.670 

124.668 

117.443 

115.348 

116.210 

106.210 

97.210 

87.210 


37.986 
49.336 
61.960 
63.270 
62.025 
75.012 
83.632 
94.706 
102.824 

112.999 
12.2.009 
132.398 
141.160 
149.148 
149.674 
141.608 
133.493 
128.350 
128.212 
122.815 
113.815 
103.815 


11 381 


2 


12 099 


3 





4,.: 


0.0 


6 


13.206 


6 


11.412 


7 


9 288 


8 


11.033 


9 


8.484 


10 ^ 


0.0 


■'^ ••• • • • •ff • • • •••• •••• •••• 

11 


9.944 


12 


9.136 


18 


9.787 


14 ; 


9.098 


16 


8.000 


16 


7.498 


17 


8.112 


18 ' 


7.115 


19 


2.095 


20 


0.138 


21 


9.000 


22 


9.000 


23 


10.000 






• 

1 


Lock on Waterford side-cu 
Lock on W aterf ord side-cu 
Lock on Waterford side-cu 
Weigh-lock at Waterford. 
Sloop lock at Trov dam. 


t. 


2 } 


t. 


• 

3 


Lt. 


1 












■ •/ • 





116 Bepobt of thb Statb Engineeb and Subyeyob 

The Engineebikg DsPABXitfENT. 

The engineering of this division was in charge of E. Sweet, Jr., divi- 
sion engineer, and B. Godwin, resident engineer, during the fiscal year. 

The engineering force has been ' employed in making the surveys, 
measurements and computations required for the settlement of pending 
contracts ; in completing the survey of the Erie canal and recording its 
results, provided for by act chapter 425, Laws of 1876; in completing 
the surveys, maps, plans and estimates for the improvement of the 
Champlain canal, authorized by act chapter 185, Laws of 1876, and in 
making surveys, etc., for Canal' Appraisers, examinations, estimates and 
plans for " ordinary repairs V and contemplated structures. 
' A detailed statement of the expenditures of the department on this 
division is annexed. It may be summarized as follows : 

Expended for "ordinary repairs," October 1st, 1876, to Octo- 
ber 1st, 1877 ; $8,027 89 

Expended for Erie survey 1,016 87 

Expended for improvement of Champlain, October 1st, 

1876, to October 1st, 1877 2,424 60 

Expended for extraordinary repairs, October 1st, 1876, to 

October 1st, 1877 6,085 32 

Total $16,564 58 
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Spbolal Repaibs, Champlain Canal. 

Powers^ CiUvertj archy 5 feet radius. 

100 cubic yards earth excavation, at 25 cents |25 00 

150 cubic yards embankment, at 25 cents ' 187 50 

50 cubic yards excavation, masonry, at |1 50 00 

200 cubic yards new stone delivered, at $4.50 900 00 

84 cubic yards arch masonry laid, at $6 204 00 

170 cubic yards wing wall laid, at $4 680 00 

Contingencies, 15 per cent ^ 306 97 

Total 12,853 47 

JRaiaing FlynrCB Lock^ 18 inches, 

70 cubic yards new lock masonry, at |12 $840 00 

45 cubic yards coping taken up and relaid, at $3 135 00 

Contingencies, 16 per cent 97 50 

Total $1,072 50 

Culvert (xt Mechanicville^ 2 arches^ 8 feet radius, 

1,500 cubic yards earth excavation, at 25 cents $375 00 

1,500 cubic yards embankment, at 25 cents 375 00 

300 cubic yards^xcavation, old masonry, at $1 300 00 

200 cubic yards new stone delivered, at $4.50 900 00 

126 cubic yards arch masonrj laid, at $4 500 00 

250 cubic yardg^ wing wall masonry laid, at $2.50. . ? 625 00 

12,000 feet, B. M., timber, at $30 360 00 

Contingencies, 15 per cent 515 25 

Total $3,950 25 

Wdste-weir at StiUtoater. 

500 cubic yards earth excavation, at 25 cents $165 00 

200 cubic yards embankment, at 30 cents 60 00 

185 cubic yards masonry excavation, at $1 135 00 

30 cubic yards stone delivered, at $4.50 135 00 

140 cubic yards masonry laid, at $3 420 00 

7,000 feet, B. M., timber, at $35 245 00 

Contingencies, 15 per cent 174 00 

Total $1 ,334 00 



/ 
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WasU-weir above Durke^s Bridge. 

50 cubic yards masonry relaid, at 14.50 |225 00 

110 cubic yards earth excavation, at 25 cents 27 50 

110 cubic yards embankment, at 25 cents 27 50 

10 cubic yards stone^ at |4.50 45 00 

500 feet, B. M., timber, at |30 15 00 

Contingencies, 15 per cent 51 00 

Total 1391 00 



• 



Culvert near BelPs Bridge. 

80 cubic yards arch masonry, at |6 |180 00 

50 cubic yards wing walls, at |4.50 225 00 

25 cubic yards masonry excavation, at |1 25 00 

50 cubic yards earth, at 25 cents 12 50 

150 cubic yards embankment, at 25 cents 37 50 

50 cubic yards stone, at $4.50 225 00 

Contingencies, 15 per cent 105 75 

\ 

Total 1810 75 

Culvert above School-hoitse Bridge. 

25 cubic yards arch masonry, at $6 ^ $150 00 

30 cubic yards wing walls at $4.50 135 00 

25 cubic yards masonry excavation, at $1 25 00 

25 cubic yards earth, at 25 cents 6 25 

50 cubic yards embankment, at 25 cents 12 50 

30 cubic yards stone, at $4.50 135 00 

Contingencies, 16 per cent 69 55 

Total $633 30 

Culvert below School-house Bridge. 

25 cubic yards arch masonry, at $6 $150 00 

30 cubic yards wing walls, at $4.50 135 00 

25 cubic yards masonry excavation, at $1 25 00 

25 cubic yards earth, at 25 cents 6 25 

50 cubic yards embankment, at 25 cents 12 50 

30 cubic yards stone, at $4.50 185 00 

Contingencies, 15 per cent 69 55 

Total $533 30 
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Wiute-toeir near Crocker's Bridge. 

15 cable yarda new masonry, at $8 $120 00 

10 eubie yards coping relaid, at |3 30 00 

10 eubie yards excavation, at 25 cents 2 50 

10 cubic yards embankment, at 25 cents 2 50 

250 feet, B. M., timber, at |30 7 50 

Contingencies, 15 per cent 24 37 

Total 1186 87 

Culvert near Fort Miller Lock. 

25 cubic yards arch masonry, at |6 ... |150 00 

30 cubic yards wing walls, at $4.50 135 00 

26 cubic yards masonry excavation, at $1 25 00 

25 cubic yards earth, at 25 cents 6 25 

50 cubic yards earth embankment, 25 cents 12 50 

30 cubic yards stone^ at $4.50 ., 135 00 

Contingencies, 15 per cent 69 75 

Total $533 50 



Wa^te-weir and Aqiceduct near Fort Miller, 

150 cubic yards masonry relaid, at $4.50 $675 00 

250 cubic yards earth excavation, at 25 cents 62 50 

250 cubic yards earth embankment, at 25 cents 62 50 

30 cubic yards stone, at $4.50 135 00 

1,500 feet, B. M., timber, at $30 45 00 

Contingencies, 15 per cent 147 00 

Total $1,127 00 

Waate^weir near JBassetfs Lock. 

50 cubic yards masonry relaid, at $4.50 $225 00 

110 cubic yards earth excavation, at 25 cents 27 50 

110 cubic yards embankment, at 25 cents 27 50 

10 cubic yards stone, '$4.50 45 00 

600 feet, B. M., timber, at $30 16 00 

Contingencies, 16 per cent 61 00 

Total $391 00 



126 Rbpobt of thk State Engikbeb and Subyeyob 

Enlarging Waste-weir at Semis Heights, 

750 cubic yards earth excavation, at 25 cents |187 50 

300 cubic yards rock excavation, at |1.25 875 00 

75 cubic yards old masonry, at $1 75 00 

100 cubic yards embankment, at 25 cents 25 00 

50 yards puddling, at 50 cents 25 00 

100 cubic yards dimension stone, at $4.50 450 00 

160 cubic yards masonry laid, at |4 640 00 

40 cubic yards sand, at $1 40 00 

80 barrels cement, at $1.10 88 00 

1,000 feet, B. M., oak, at 50 cents 50 00 

5,000 feet, B. M., pine, at 35 cents 175 00 

$2,130 50 

Add ten per cent for contingencies 213 05 

Total 12,343 55 

Waste-weir at Hewitts, 

100 cubic yards masonry relaid, at $4.50 |450 00 

100 cubic yards excavation and embankment, at 50 cents. . 50 00 

20 cubic yards stone, at |5 100 00 

1,500 feet, B. M., timber, horse-walk, at |30 45 00 

Contingencies, 15 per cent 06 75 

Total 1741 75 

Special Befaibs. 

Name of Stractare. Amount. 

Power's culvert i $2,353 47 

Raising Flynn's lock 1,072 50 

Culvert at Mechanicville 3,950 25 

Waste-weir at Stillwater 1 ,334 00 

Waste-weir above Durkee's bridge 391 00 

Culvert near Bell's bridge 810 75 

Culvert above School-house bridge 533 30 

Culvert below School-house bridge 533 30 

Waste-weir near Crocker's bridge 186 87 

Culvert near Fort Miller lock 533 30 

Waste-weir and aqueduct near Fort Miller 1,127 00 

Waste-weir near Bassett's lock 391 00 

Waste-weir at Hewitt's ' .^ 741 75 

Waste-weir at Bemis Heights 2,343 55 

Total $16,302 04 
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MIDDLE DIVISION. 



ANNUAL REPORT OF CHARLES A SWEET, DIVISION 
ENGINEER, FOR THE FISCAL TEAR ENDING SEPTEM- 
BER 30, 1877. 

Division Engineer's Office, ) 

Syracuse, October 1, 1877. f 
Hon. John D. Van Bttren, Jr., Sitate Engineer and Surveyor : 

Sir. — I have the honor to present herewith my annual report upon 
the middle division of the New York State canals, for the fiscal year 
ending September 30, 1877. 

Pursuant to a resolution of the Canal Board, adopted January 3, ^77, 
the Chemung and Crooked Lake canals were transferred from the mid- 
dle to the western division. 

The lengths of the several navigable canals, river improvements and 
feeders are now as follows : 

Title. MUei. 

Erie canal, from east line of Oneida county to east line of 

Wayne county 97.02 

Limestone feeder, Erie canal to Fayetteville . 80 

Butternut feeder, Erie canal to Dunlap's mills 1.55 

Camillus feeder, Erie canal to Camillus 1 . 00 

3.35 

Oneida Lake canal, Durhamville to Oneida lake 5 . 00 

Oswego canal, Syracuse to Oswego 38 . 00 

Cayuga and Seneca canal, Montezuma to Cayuga and Seneca 

lakes 22.77 

Chenango canal, Utica to. Binghamton 97 . 00 

Ithaca inlet, Cayuga lake to Ithaca ^ . . .^ 2 . 00 

Baldwinsville canal, improvements to Jack's Reefs 12. 50 

Seneca River towing-path, Baldwinsville to Mud lock 6 . 75 

Oneida River improvement, Oswego canal to Oneida lake .... 20 . 00 

Black River Canal 36.33 

Black River feeder and pond, above dam 12 . 09 

Delta feeder 1 .38 

Black River improrement 42 .60 

Totel miles 394.69 






» * 
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The canals npon this diYision are supplied with water from the fol- 
lowing named sources : 



EBIB CAN AL. 



Home level. 

Mohawk and Black river, at Home 

Black River canal 

Oriskany creek, including Chenango Canal 

reservoirs 

Oneida Creek feeder 

Cowasselon Creek feeder 

Limestone Creek feeder 

Butternut Creek feeder 

Cazenovia Lake reservoir (for 100 days) . . . 

Erieville reservoir (for 100 days) 

De Ruyter reservoir (for 100 days) 

Janiesville reservoir (for 60 days) 



Jordan level. 

Nile Mile Creek feeder 

Carpenter Brook feeder . . . . 
Skaneateles Lake reservoir. . 
Otisco Lake reservoir 



Port Byron and Montemima levels. 

Putnam Brook feeder 

Owasco Creek feeder 

Lake Erie ^ 



Oswego Canal. 



Seneca river 
Oneida river 
Erie canal . . 



Acrei. 



1,778 
840 
626 
252 



8,320 
2,200 



Avenge 

depth in 

leet. 



4.60 
21.50 
18.60 
16.40 



7.00 
10.00 



Cubic feet 

per 

mmnte. 



11,766 
1,234 

6,000 

1,000 

200 

500 

500 

3,115 

2,626 

3,891 

2,000 



32,732 



800 

200 

8,776 

5,146 



14,922 



200 
4,033 
4,000 



8,233 



54,000 
20,000 
10,000 

84,000 
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CA)f UGA ANB SBNBCA CANAL. 


Acres. 


Avenge 

depth in 

feet 


Cnblc feet 

per 

minate. 


Seneca lake 




18.00 
28.00 
26.00 
15.00 


18,000 


Erie canal 




4.000 




1,118 
277 
372 
306 




• 


22,000 


Black Riter Canal. 
W oodhuU Lake reservoir 


6,087 


North Branch reservoir 


2,346 


South Branch reservoir 


2,926 


Sand Lake reservoir 


1,388 


Mohavek river at Delta 

Natural flow of Black river through feeder 
at Booiiville 


2,373 










15,120 



The water furnished by the last-named reservoirs is drawn only in the 
very dry season, and passed down through the natural channel of Black 
river and Woodhull, about twenty miles each, to the pond above the 
dam at the head of Black River feeder, and conveyed to the summit 
level of the Black River canal, at Boonville. 

From this point the canal is supplied both ways, and the surplus, over 
that required for the canal north to Lyon's Falls, a distance of ten miles, 
and south to Rome, distant twenty-five miles, is discharged by a waste- 
weir into the Lansing Kill, at the south end of the summit, thence into 
the Mohawk river, and from it into the Erie canal, by the feeder at 
Rome. 

9 
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Engineeb Depabtment. 

This division has been in charge of Charles A. Sweet, as division 
engineer, and Denison Richmond as resident engineer. 

The total expenditures for engineering on both ordinary and extra- 
ordinary repairs for the last fiscal year, as summarized from Table No. 
1, hereto annexed, are as follows: 



CANAT.R. 


Ordinary 
repairs. 


Extraordinary 
repairs. 


Total. 


Survey of Erie canal 

Erie canal 




$2,401 61 

294 00 

320 00 

2,020 50 


$2,401 61 


$6,087 61 

1,026 68 

909 22 

430 58 

804 46 

59 90 


6,381 61 


OswesTO canal 


1,346 58 


Oneida Lake canal 


2.929 72 


Black River canal 


430 58 


Cayuga and Seneca canal 

Cbenanoro canal 




304 46 




59 90 








Totals 


18,818 35 


$5,036 11 


$13,854 46 






From the above total amount 

be deducted : 
Survey of Erie canal (paid 

fund) 


there should 
from special 


$2,401 61 
1,161 00 


\ 


Survey for complete maps of Oneida Lake 
canal for apDraisers 






3,562 61 






Total engineering propei 


• 1 


$10,291 86 




- 



The total amount of work done under the supervision of the engineer 
department, on both ordinary and extraordinary repairs, for the last fiscal 
year, as compiled from Tables 2 and 3, is as follows : 



CANALS. 



Erie 

Oswego 

Cayuga and Seneca 

Oneida Lake 

Black River. 



Total 



Ordinary repain. 



$46,396 79 

17,863 37 

6,198 41 



14,384 05 



$83,842 62 



Extraordinary 
repairs. 



$7,111 80 
15,235 05 

17,813 86 



$40,160 71 



Totals. 



$52,508 69 

33,098 42 

6,198 41 

17,813 86 

14,384 06 



$124,003 33 
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^ Erie Canal. 

Extraordinary Repairs, 

The total amouDt of work done under this head for the last fiscal 
year is $7,111.80, viz,: 

For pipe sewers under the canal at XJtica $5,639 86 

For materials to rebuild feeder dams 1 ,671 96 

Total $7,111 80 



An appropriation of $6,000 was made by act chapter 426, Laws of 
187ft^ for the construction of two forty -eight inch cast-iron pipe sewers, 
under the Erie canal, one at First street and one at State street, in the 
city of XJtica ; said sewers to be built under the direction of the State 
Engineer and the commissioner in charge. 

Maps, plans, estimated costs and specifications were submitted to, and 
the same adopted by, the Canal Board January 3, 1877, and the work 
has been fully and satisfactorily completed at a cost of $5,639.86. Fol- 
lowing is a detailed statement of expenditures: 



QnaDtitiet. 



66 1116-3340 
,045 

127.57 

«2 
48 
93 



86 
84 
10 
69X 

84 



ITEMS. 



Materials. 

Tono cast-iron pipe — 

Lbs. lend 

Cartage on pipe and lead 

Cahic yardii> vertical wall, Btone 

B.irri'lx hydraulic lime 

Load** Mnd 

Lbi*. maiiilla rope 

Hardware 

Lumber.. 

Potten> clay and coal 

Clip I'orpipejointfi, inc1adin|7ezpree«cbarget>, 

Derrick, fnniace, kettlep. etc 

ExpenHeo for tranaporting aame 

Blackcmithing 



Total materials 



Labor. 
Days foreman in charge. . 

Days foreman 

Days fitreroan carpenters. 

Days foreman 

Dayp ma^onn 

Dayn carpenters 

Days team work 

Days common labor 

Days water boy 



Total labor 

Total materials and labor 



Price. 



$34 10 
065C 



1 68 

1 1«^ 
1 85 

16 



$6 00 

8 50 
8 00 
3 00 
3 50 

3 00 

4 00 
1 25 



Amounts. 



$3,338 47 

188 04 

5tt 00 

314 Hd 

n "A 

m (10 

18 80 

4« .35 

no 78 

10 04 

30 46 

75 00 

30 06 

87 11 



$8,184 38 



135 00 
84 00 
80 00 

189 (K) 
66 35 
15 00 
9'1 00 
1,788 13 
31 35 



$3,855 63 



Totak. 



$8,184 38 



8,865 68 



$6,689 86 
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Following are the (xctual quantitieB of work done and materiaU fun^shed 
for the above mentioned work. The prices are assutnedy to get the total 
cost corresponding with the statement of expenditures: 



Qaantities. 



' 


2. 




2 


,015. 


16 




185. 


99 




86. 


96 




,938. 


53 




,539. 


92 




189. 


57 


X 


,834. 
196. 




f 


,410. 




X 


,092. 




146. 


,715. 




2, 


,045. 





ITEMS. 



Bailing and draining 

Cub. yds. earth excavation 

Cub. yds. rock excavation 

Cub. yds. wall excavation 

Cub. yds. embankment 

Cub. yds. puddling 

Cub. yds. vertical wall in cement. . 

Ft., B. M., oak 

Ft., B. M., pine 

Ft., B. M., hemlock 

Ft., B. M., hemlock, replaced 

Lbs. cast iron pipe 

Lbs. lead 

Engineering 



Total cost 



Price. 



$0 30 

1 00 
75 
15 
10 

4 00 
40 00 
40 00 
16 00 

2 00 
Oil 
10 



Amount. 



$357 09 

604 55 

185 99 

65 22 

290 78 

153 99 

75^ 28 

73 36 

7 84 

118 56 

2 18 

2,667 61 

204 60 

150 00 



$5,539 85 



The sum of $7,400 was set apart by the Canal Board, September 5, 
1876, from the general appropriation of $135,000, under act chapter 425, 
Laws of 1876, for the reconstruction, of wood, of some of the dams and 
bulk-heads to the feeders. 

Following is a detailed statement, showing progress of work to date, 
which was done in the same manner as described in the work mentioned 
above: 
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The materials, as shown here, were delivered at the respective sites in 
December last, and the work should have been fully completed during 
the lowest stage of water last winter. It is hoped that before the open- 
ing of navigation next year these structures will be entirely renewed, as 
contemplated. 

Reference is made to table No. 2, hereto annexed, for amount remain- 
ing to be done. 

The description of these feeders is as follows : 

Oneida Creek Feeder. 

The dam and bulk-head are located on the Oneida creek, about two 
miles south of the Erie canal, and the water is brought into the Rome 
level at Durham ville, 26.16 miles east of lock 47. The supply of water 
from this source is, theoretically, 1,000 cubic feet per minute for 100 
days, from a drainage basin of about 25,000 acres. 

Limestone Creek Feeder. 

The stream from which this feeder takes its waters is the natural out- 
let of DeRuyter reservoir, which is located about twenty-five miles south 
of the canal, in the south-west corner of Madison county. The feeder 
dam is located one mile south of the canal, at Fayetteville, and the water 
is brought into the Rome level 6.53 miles east of lock 47. The natural 
flow of the stream is 500 cubic feet of water per minute, and the addi- 
tional supply from Deliuyter reservoir is ^,891 cubic feet per minute for 
100 days. The feeder is navigable for large boats, and considerable lime 
and plaster are shipped from it to all points on the canal. 

Skaneateles Creek Feeder 

Is located at Jordan and is one of the principal feeders to that level, 
the summit of the Erie canal on this division, west of Syracuse. The 
structure to be rebuilt is eight chains south of the canal. The supply of 
water from this source is 8,776 cubic feet per minute for 100 days, and 
is derived from Skaneateles lake (ten miles south of the canal), which 
has an area of 8,320 acres and a drainage basin of 90,000 acres. 

Ordinary Repairs. 

The repairs for the fiscal year have been made with about the usual 
care and ability, and, with an occasional exception, no perceptible differ- 
ence in expenditures. 

The plans, with bills of materials of the structures rebuilt, have been 
furnished as usual by this department to the superintendents, and gen- 
eral direction given to other repairs that required .professional services. 
Estimates in detail have been made for the spring repairs and copies of 
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the same submitted to you, the Canal Commissioner and to the respective 
superintendents for their information and guidance in expenditures. 

Repairs to the following named bridges have been made, which were 
recommended in my last report, viz. : 

Rewooding and inserting iron needle beams in Grape street 

bridge, Syracuse |879 81 

Rebuilding St. John's farm bridge ( Weedsport) 298 12 

Rebuilding Young's farm bridge (Weedsport) 291 09 

Rewooding and Inserting iron needle beams in XJtica street 

bridge, Port Byron 619 73 

Camillus aqueduct, seven miles west of Syracuse on the Jordan level, 
was entirely rewooded last spring at an expense of $5,495.43. 

Seneca River aqueduct, on the Montezuma level, was repaired at the 
same time to the extent of $951.66. Other repairs have been made 
which are more fully shown in table No. 3, hereto annexed. 

Special Repairs Recommended to be Made. 

Completing approaches to Pratt street bridge in XJtica. . . $6,000 00 
Retrunking Whitall's culvert, two miles east of Rome. . . 1 ,400 00 
Rebuilding of iron the upper wooden bridge at Durham- 

ville 2,000 00 

Rewooding Herrick's iron chord farm bridge, near Canas- 

tota 320 00 

Two new tumble-gates for locks 47 and 48 500 00 

Rebuilding flume, on plan of cast iron pipe three feet in 

diameter, from waste weir at Barker's mill (Syracuse 

level) 3,500 00 

Rewooding Clinton street bridge, Syracuse 450 00 

Repairs to Madison county reservoirs 20 , 000 00 

Dam and bulkhead, and enlarging prism of Butternut 

Creek feeder. 3,000 00 

Total $37 , 1 20 00 

The description of the special repairs above noted is as follows : 
Pratt Street bridge, in the city of XJtica, is composed of a Howe 
wooden superstructure, with iron chords, supported by stone abutments. 
Clear span 1 1 6 feet, and one roadway nineteen feet. The west approach 
was nearly completed, and but a little of the east approach made; con- 
sequently, in its present condition, it is of no use or benefit to any one. 
In the estimate for the completion of this work there is included an 
additional span of fifty-four feet of the Whipple wooden truss over the 
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street, running parallel to and adjoining the towing path of the canal on 
the east side, and the completion of the approaches. 

Estimated cost, $5,000. 

Whitall culvert is located about two miles east of Rome, and drains 
a large area on the south side of the canal, into the Mohawk river. It 
is a wooden trunk, of two openings, and with masonry heads. That 
part of the structure between the front angles of the two banks of the 
canal has become decayed, and has given much trouble at every spring 
freshet, when the canal is empty, by the pressure of water in the stream, 
forcing off the covering timbers. To remedy this, there should be longi- 
tudinal binders of white oak, 6x8, on top of the covering, over each 
row of the side timbers, and secured to the foundation timbers by one 
and one-half inch anchor bolts, with heads and nuts at every nine feet in 
length. 

Estimated cost, $1,4(^0. 

The upper road-bridge in Durhamville is an old wooden superstruc- 
ture, hardly safe for the heavy loads passing over it. It has a clear span 
of seventy-two feet, roadway of seventeen feet, and two sidewalks of 
five feet each. I recommend a Whipple iron arch truss. 

Estimated cost, |2,000. 

The farm bridge, known as " Herrick's bridge," located about two 
miles west of Canastota, has a Whipple wooden superstructure, with 
iron chords. The timber has become decayed, and should be renewed. 

The estimated cost is $320. 

The Madison county reservoirs are located at the summit level of the 
Chenango canal, and their waters are brought into that canal near Ham- 
ilton, and diverted into Oriskauy creek at the north end of that level, 
through Sollsville aqueduct ; thence into the Rome level of the Erie 
canal, through the feeder at Oriskany, furnishing, approximately, 2,500 
cubic feet of water per minute for 100 days, in addition to the natural 
flow of that stream of 3,500 cubic feet per minute. 

The detailed estimate and plans for these repairs have been submitted 
for your consideration. 

The estimated costs are as follows : 

Eaton Brook reservoir, overfall and paved waste * . . .' $6 , 000 00 

Bradley Brook reservoir, overfall and paved waste 6,600 00 

Madison Brook reservoir, protecting inner slope 2,000 00 

Luland's Pond reservoir, protecting structure at dam 100 00 

Rebuilding dams arid bulk-heads of main feeders, and 

cleaning out prisms 3 , 000 00 

Engineering and contingencies 2 , 400 00 

Total $20,000 00 
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The structure known as Barker's waste-weir is located upon the Syra- 
cuse level, and was built for the purpose of discharging the surplus water 
received through Lodi locks, from the Rome level, and through lock 60, 
from the Jordan level. It has a spillway of 101 feet in length, and is 
carried up from canal bottom to a hight of three inches below the estab- 
lished water surface. The flow over the weir varies from three to twelve 
inches in depth, and furnishes a valuable power for milling purposes, the 
State receiving an annual rent therefor. A wall, of the same length as 
the spillway, and seven feet in width, receives the overflow, and the 
water is then discharged into two wooden flumes, with separate bulk- 
heads attached, thence conducted to the center of the culvert spanning 
Onondaga creek, a distance of 180 feet. The north flume is the prop- 
erty of the State, and occupies the space between the north wall of the 
^ mill and the private flume adjoining. To prevent the danger of under- 
mining the walls of the culvert, under the canal, at the point of dis- 
charge, it has been necessary to carry the trunk upon a wooden trestle 
for a distance of about sixty feet. The greatest head at the well is 
seven and one-half feet, and grade of bottom 0.017 per foot, with a drop 
of six feet near the upper end. The trunk has become so decayed in 
places as to need extensive repairs, which, owing to complication of con- 
struction, in passing through the mill, cannot be satisfactorily done. 

Two estimates for your consideration have been made for rebuilding 
this work, viz. : One with a cast-iron pipe three feet in diameter, at a 
cost of $3,500, and the other to rebuild it on the present plan, at a cost 
of $2,500. I recommend the plan of a cast-iron pipe as a permanent 
and suitable conduit. It would avoid all subsequent expenses for repairs 
or rebuilding, while if replaced on the present plan, repairs would soon 
have to be made, followed by an entire reconstruction in a few years. 

Improvements to Butternut Creek Feeder. 

This work is for the purpose of making available the waters from 
Butternut Creek reservoir at Jamesville. The natural flow of this 
stream is 500 cubic feet per minute, which is about the capacity of the 
old mill-race above the navigable feeder at Dunlap's Mills. Now, that 
this reservoir is completed and calculated to furnish 2,000 cubic feet per 
minute in addition, some provision ought to be made for receiving this 
quantity into the Erie canal. The estimated cost to build a dam and 
bulkhead, and to enlarge the prism of the feeder capable of carrying 
2,600 cubic feet per minute, is $3,000. 

A break occurred at midnight on Saturday the 2d of June, in the berme 
bank on the Jordan level, about one-half mile west^of Lock 50, which 
interrupted navigation about twenty- two hours. The bank at this point 
is about four feet above the natural surface, which has a gradual fall to 
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a culvert under the canal ten chains east. The water flooded a small 
area of meadow land on the berme or south side, and after passing through 
the culvert covered about five acres of corn ground. The damages 
were, however, small, and, perhaps, will not be noticed by any claims. 
The cause of the break was owing to excess of water in the canal, let 
down from Camillua feeder from Otisco Lake reservoir, and overflowing 
the bank. As this is the Summit level, and almost entirely dependent 
in the dry season on artificial reservoirs, it seems that greater care 
should be taken in preserving the water supply for canal purposes. 

Oswego Canal. 
EostrcLordinary r^aire. 

In compliance with your instructions the work of protecting the 
Oswego river dams by sloping aprons has been done, and, as far as com- ' 
pleted, has given good satisfaction toward the safety of these structures. 
The amount set apart from the general appropriation of $135,000, under 
act chapter 425, Laws of 1876, was $21,000 for the four dams. The 
expense of the work done, as contemplated, was 116,236.05, or $5,764.95 
less than the original estimate. As this unexpended balance will revert 
to the treasury before any further work of this kind can be done, I 
recommend that an appropriation of $20,000 be made by this Legislature 
for the completion of these aprons. 

Following is a detailed statement of expenditures for this work, done 
by the superintendent of section No. 2, under the direction of the State 
Engineer and commissioner in charge : 
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Ordinary Repairs, 

The ordinary repairs the last fiscal year placed this canal in better 
condition than it has been for many years past. Six bridges have been 
rebuilt at a total cost of 13,836.51, the plans for which, together, with 
other repairs, which are fully shown in table No. 3, were furnished by 
this department. 

The lower gate to lock, No. 11, or " Orchard lock," gave out about 
nine a. m. June fifth, which caused a detention to navigation of fifty-five 
hours. A stone became wedged between the gate and miter-sill while 
filling the lock, and when the pressure became sufliciently strong the gate 
was forced up, breaking the collar and passed over the sill. The repairs 
consisted of one heel post, one toe post and some work on the irons, 
amounting to not more than fifty dollars outside of the ordinary State 
labor. The long detention was owing to not having on hand duplicate 
gates for some of these locks. There are many of them of the same lift, 
and if there were but a few on hand they could be used to an advantage. 

The wooden flume, feeding the north side cut at Salina from the Syra- 
cuse level, has become decayed and should be built thi^oughout. The 
estimated cost is $800. 

The waste weir on the Liverpool level, near lock No. 4, has become 
unsafe from long use and should be rebuilt. Estimated cost (1,000. 

The south side-cuts at Salina, from which considerable salt is shipped, 
require quite extensive repairs. No work of any consequence has been 
done on them for several years, and the docking has fallen in, in many 
places. The expense for placing them in good condition is estimated at 
$5,500. 

The sluices or inlets on the river level, between locks 4 and 3, river 
point, will need rebuilding. There are six in number, and will average 
in cost tlOO, or a total amount of $600. 

The three first locks at Salina should have full sets of gates, as the 
present ones have become unsafe, and liable to fail at any time, which 
would interrupt navigation seriously before they could be replaced by 
new ones. The cost of materials and framing same is estimated at 
$1,600. 

In the enlargement of this canal it seems to have been neces&ary to 
widen the tow-path in several places, by driving piles at the foot of the 
slope wall, and planking over from them to the original front angle. 
At two of these places the timber work has given out and let the 
original slope of the bank into the canal. One is at upper landing, and 
the other at Fulton. The length of each is 200 feet. I recommend that 
a vertical wall be substituted in place of rebuilding on the old plan. 

The cost will not exceed three dollars and fifty cents per foot, or a 
total of $1,400. 
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The total estimated cost for special repairs on this canal, as described 
above, is $10,900. 

Cayuga and Seneca Canal. 

The expenditures for ordinary repairs this year are less than for any 
year since the enlargement, and yet the canal is in better condition. 

New lock-gates have been made, and quite extensive repairs done to 
the bridges and other structures. 

An appropriation of $6,000 was made by act chapter 193, Laws of 
ISYG, "for removing bars and dredging the channel of Cayuga inlet 
at Ithaca, to be under the direction of the Canal Commissioner in charge 
of the middle division." The surveys were made for this work, together 
with repairs to the long pier in the harbor, and protection to the banks 
of Fall creek, and the maps, plans, estimated costs, and specifications, 
were submitted for your consideration. The estimated costs are as 
follows: 

Removing bars from channel proper $866 00 

Repairing pier in harbor 3 , 065 00 

Guard bank on Fall brook 1 ,080 00 

Total $5,000 00 

No work has been done, the reason of which I have' not been advised. 

Oneida Lake Canal. 

This canal extends from the Erie canal, at Durhamville, to South Bay, 
Oneida lake, a distance of five and three-tenths miles. It has a total 
fall from the Erie canal of sixty-two feet, which is overcome by six 
locks, four of ten feet each, and two of eleven feet each. 

The construction of this canal was authorized by act chapter 934, Laws 
of 1867, and work was commenced the following year. The total amount 
expended under contract toward its completion was $386,673.05, leaving 
to complete at the prices* under the last contract the sum of $29,700. 
Work was suspended in June, 1875, and the contract settled. Chapter 
301, Laws of 1877, re-appropriated the unexpended balances of former 
appropriations, amounting to $48,231.20, for the completion, "provided 
the Canal Board recommended the same." 

Plans and estimates for completing the canal with five feet depth of 
water, without slope- walls, were adopted by the Canal Board, April 10, 
1877, and directed that the work be executed by the superintendent, 
under the joint supervision of the State Engineer and Surveyor and 
Canal Commissioner. 

Following is the summary of the estimate submitted and approved : 

Bailing and draining $100 00 

Grubbing and clearing 60 00 
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Constructing swing bridge at Junction with Erie canal . . $3,200 00 

Constructing farm bridge, No. 1 {to complete) 1 ,200 00 

Constructing road bridge, No. 1 (to complete) 1 ,300 00 

Constructing road bridge No. 2 (to complete) 750 00 

Constructing road bridge No. 3 (to complete) 720 00 

Constructing road bridge No. 4 (to complete) ... v. . . . 1,400 00 

Cast-iron drain pipe 300 00 

Vertical wall laid dry at swing bridge 1 ,500 00 

Lock-gates (for five locks) 3 , 800 00 

Dredging at junction with Erie canal 400 00 

Embankment on canal 1 ,600 00 

Engineering and contingencies 1 , 680 00 

Total estimated cost $18,000 00 



The work has been completed on the plan above stated, including 
work not contemplated in the estimates, at an expense of $17,813.86, 
and the canal was opened to navigation October 6, 1877. 

During the progress of the work it was found that the chamber walls 
to ^ve of the locks, built under contract in 1872, had been crowded in 
from their established battered lines, varying from one and three six- 
teenth inches to three and one-eighth inches. This necessitated dressing 
off the masonry below the lower gates, and above the lower recess ; also 
cutting the fender timbers through the chambers to conform with the 
same line. The expense of this work was $548.88. 

It was also found, in filling the locks with water, that the masonry in 
the chamber walls in lock No. ,4 was improperly done. An examination 
resulted in the fact that no cement was used in the construction, except 
the smearing of the joints on the face with mortar. Excavations, in 
places, were made in the rear of each wall to a depth of nine feet, and^a 
grout of a proportion of one of hydraulic lime to one of sand was used 
in filling up the voids throughout the whole length of each wall. The 
foundation was torn up in places, and where concrete was expected to 
be found between the timbers there was nothing but clay and coarse 
gravel. There were used for this work 2,016.67 bushels of lime, amount- 
ing to $217.67, and 124 cubic yards of sand, amounting to $1 10.61. The 
whole expense, including labor and materials, for this item was $903.45. 

The summary of the total expenditures for work done is as follows: 

For work originally estimated $14, 973 36 

For work not estimated 2 , 840 50 

Total $17,813 86 

/ 
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Detailed final statement of eccpenditures, not including engineering, for the completion of 
Oneida Lake canal with five feet depth of water, as authorized hyact chapter 301, Laws 
of 1877, and pursuant to a resolution of the Caual Board adopted April 10, 1877. 



ITEMS. 



Material fumUTied for vmrk estimated. 

Coping Btone 

Hydraalic lime 

Sand 

Sand 

Pig lead ,. . 

Wni.te oak 

Whfte oalc 

White pine 

Hemlock 

Hemlock 

Hemlock 

Maple 

Stone boat plank 

Caitt-iroc drain pipe and cartage 

WrouKht-lroii in bridges 

Cast-iron in bridpep 

Lock iron, wrought and ca«t 

Drift bolts in docking 

Posts for bridge railing 

Hardware 

Freight, storage and cartage 

Repairs to State scow 

Towing through lake 

Black^imithing 

Rent of barn and saw 

Paint for bridges 



Total materials estimated. 



McUeriale fumMied for extra work. 

Ash lar 

Sand 

Sand 

Sand 

Sand . .. 

Hydraulic lime 

Hydraulic lime 

Hydraulic lime 

Am. Portland cement 

Rosendale cement 

White pine 

Hemlock 

Blacksmithing 



Total materials for extra work. 



Total materials ftimlshed. 



Labor performed for work estimated. 

Foreman in change , 

Foreman carpenter , 

Carpenters , 

Masons , 

Foreman common labor 

Common labor 

Water boy 

Water boy , 

Teams , 

Time-keeper 



Labor for work estimated. 



Labor 
Foreman in charge 

Foreman carpenter 

Carpenters 

Masons 

Stoue-cutrers 

Foreman common labor 

Common labor 

Water boy 

Teams 

Time-keeper 



on extra work. 



Labor on extra work 
Total expenditores.. 



Measure. 



Cubic vds. 
Bushels... 
Cubic yds. 
Cubic yds. 
Pounds.... 
Ft B. M.. 
Ft. B. M. . 
Ft. B. M.. 
Ft. B. M.. 
Ft. B. M 
Ft. B. M.. 
Ft. B. M.. 
Number... 
Gross ton. 
Pounds.. . . 
Pounds... 
Pounds.... 
Pounds.... 
Number... 

All 

All 

All 

All 

All 



Cubic yds. 
Cubic yds. 
Cubic yds. 
Cubic yds. 
Loads . .. 
Bushels... 
Barrels.... 

Barrels 

Barrels 

Barrels 

Ft. B. M.. 
Ft. B. M.. 
All 



Quantities. 



40.61 
1,690. 
76.70 
26. 
864. 
618.84 
267. 
486.67 
202.50 
609.66 
2.3.02 
441. 
9. 
1 209-2240 
86.94 
74.82 
94.18 
1,789. 
872. 



87.89 
6.20 
86.26 
74.68 
8. 
1,866^ 
20. 
10. 
8. 
8. 
720. 
1,440. 



No. of days. 
104 

128X 
697 
220 

184 1-10 
2,605 16-100 
68X 
184X 
676 1-12 
101 



84 

13 
67 

1673^ 

64X 
604^ 

68itf 
144 6-12 

81 



Price. 


Amounts. 


$9 00 


$366 49 


10 


169 00 


1 18X 


91 08 


1 34 


84 84 




47 42 


34 00 


1,747 05 


40 00 


10 28 


20 00 


976 56 


950 


192 38 


10 00 


609 66 




26 64 


20 00 


8 82 


1 00 


9 00 


• • » • • • • 


46 07 




418 87 


•■•«••« 


294 22 




671 04 


ivi 


44 72 


16 


65 80 




2r7 36 




24 75 




60 82 


• •••••• 


65 00 




163 88 


• • • • • • - 


6 85 




84 50 


$4 60 


$170 51 


1 18K 


6 18 


2 00 


72 60 


40 


29 83 


26 


2 UO 


10 


186 67 


1 00 


20 (K) 


1 10 


11 00 


8 16 


9 45 


1 16 


3 45 


20 00 


14 40 


10 00 


14 40 




75 92 


$5 00 


$620 00 


3 00 


886 26 


2 00 


1,894 00 


260 


650 00 


200 


868 20 


1 26 


8,256 44 


1 00 


63 76 


62^ 


115 47 


800 


1,725 26 


2 60 

• • • • • • 


262 50 




|6 00 


$170 00 


300 


39 00 


200 


134 00 


2 60 


78 76 


260 


893 18 


200 


109 50 


1 26 


766 62 


62i^ 


88 44 


800 


483 26 


2 50 

• • • # • • • 


77 60 




• • • • • • • 





Totels. 



$6,841 60 



616 81 



$6,967 81 



8,681 86 



2,224 19 

$17,818 86 
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Following are the actiml quantities of work done^ and the materials fur- 
nished for the above mentioned work. The prices are assumed to get 
the total cost corresponding with the statement oj expenditures : 



Quantities. 



1 

1 

8,117.56 

10,946.18 

928.18 

82.62 

79.59 

93.85 

3().42 

40.61 

3.64 

87.89 

434.46 

44,494 

40, 316 

47,502 

39, 561 

62,416 

13,626 

298 

9 

20 

1,789 

25,694 

2,449 

18,064 

1,600 
864 
800 



5,902 

1,314 

7,733 

787 

1,170 

100 

40 

8 

74 



1 

855.80 

8,717.46 

1,126.41 

10.05 

166 
1,860 
2,868 

880 

80 

1,805 



19 



ITEMS. 



All fl:nibhin<? and cleaning. . . 

All builinfir and draining 

Cubic yardB earth excavation 
Cubic yards embankment . . . 
Cubic yards paddling 



Cubic yards procuring and puddling 

Cubic yards slop© wall (laying) 

Cnbic yards laying verticai wall in cement 

Cubic yards laying vertical wall dry 

Cubic yardt< coping (new stoue) 

Cubic yards coping (stone on hand Trom old conH), 

Cubic yards mHSonry in cement (new stone) 

Cubic yards masonry (stone on hand fh>m old con- 
tract 

F., B. M., white oak timber (new) 

F., B. M , white oak timber (old) 

F , B. M , white pine timber (new) 

F., B. M , white pine timber (old) 

P., B. M., hemlock timber (new) 

v., B. M., hemlock timber (old) 

Number cedar posts 

Number stone boat plank 

Number conpoi*ite valves (re wooding and plac'g), 

Pounds drift bolts 

Pounds w rought and cast iron 

Pounds cast iron drMin pipe (new) 

Pounds cast iron drain pipe (on hand from old 
contract) % 

Pounds spikes and nails 

Pounds lead 

Sq. yds., painting four bridges, one coat 

Painting lock 



gates. 



Amount . 



Material Itft on hand and irantferred to Superin- 
Undent qf ordinary r^pairt. 

F., B. M., white oak timber 

F., B. M., while pine timber 

F., B M., hemlock timber 

Pounds wrought iron 

Pounds cast iron 

Pounds miscellaneous wrought and cast iron 

Pounds spikes and nails 

Number composite valves 

Number cedar posts 



Amount . 



Total. 



Esara Work, 

All bailing and draining 

Cubic yards earth excavation 

Cubic yards embankment 

Cubic yards puddling 

Cubic yards concrete 

Cubic yards grouting lock 4 

F., B. M., white pine timber (new). 
F., B. M., hemlock timber (new). . . 
F., B. M., hemlock timber (old) .. . . 

Pounds spike and nails 

Sq. yds. dressing lock walls 



Total cost of work. 



Price. 



to 30 
20 
10 
80 

1 00 

2 00 
1 00 

12 00 
800 

7 00 

8 00 
60 00 

5 00 
46 00 
10 00 
20 00 

6 00 
16 
00 

10 00 
8 



1 



7 
3X 

0^ 
6 
8 
12 



84 00 

20 00 

10 00 

7 

7 

6 

6 

10 00 

15 



80 
80 
10 
00 
00 



45 00 

20 00 

500 

6 

80 



Amounts. 



143 16 

106 91 

935 27 

2,189 03 

%'i 81 

24 76 

79 59 

186 70 

20 42 

487 32 

28 32 

265 23 

1,303 38 
2,224 70 

201 68 
2, 187 69 

396 61 
1,248 80 

67 68 
44 70 

9 00 
200 00 

68 67 
1,791 68 

42 86 

82 66 
90 00 
68 82 
96 00 
20 00 



$14,486 09 



200 67 
26 28 
77 83 
61 69 
81 90 
6 00 
2 40 
80 00 
11 10 



$487 27 



890 88 
256 74 
748 49 
112 64 

60 26 
620 76 

61 20 
47 86 

4 15 

4 80 

548 88 



Totals. 



$14,486 09 



487 27 



$14,978 86 



2,840 60 



$17,818 86 
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The supply of water for this canal is derived from the Rome level of 

the Erie canal, and is estimated to be as follows: 

20X21.760 
Twenty lockages . . . . = — ' — = 300 cubic feet per minute. 

Leakage and waste at lock T = 800 cubic feet per minute. 

Evaporation, filtration, etc., X6211 = 1 ,060 cubic feet per minute. 

Total 2 , 1 60 cubic feet per minute. 

The structures are : Six stone locks, four of ten feet and two of eleven 
feet lift; four arch culverts, two of six feet and two of four feet chords; 
six wooden road bridges; one wooden farm bridge; one wooden swing 
bridge, at Junction with Erie canal. 

The total cost of this canal is as follows: 

Under contracts, dated December 18, 1867 $350,509 54 

Under contracts, dated December 19, 1873 36 , 163 61 

Under resolution of Canal Board, dated April 10, 1877. . . 17,813 86 

Total, not including engineering , $404,486 91 

NoTS.— Includes thirty-fonr dollars and fifty cents for painting and twenty-two dollars and fifty 
cents for fonr and one-half days firemen, at five dollars. To be deducted ftom above, if not paid. 

SuMMABT of engineering expenses, on both ordinary and extraordinary 
repairs, for the construction of the enlarged Oneida Lake canal. 

Dates. 

For the fiscal year 1867 

For the fiscal year 1868 

For the fiscal year 1869 

For the fiscal year 1870 

For the fiscal year 1871 

For the fiscal year 1872 

For the fiscal year 1874 

For the fiscal year 1876 

For the fiscal year 1876 

For the fiscal year 1877 



Totals 



Ordinary repairs. Bxtraordinary repairs. 
^943 50 




5,720 29 




7,021 67 




' 5,231 39 




3,689 02 




2,363 97 


$29 26 
625 00 
117 20 
909 22 


5,256 39 
6,098 50 
1,356 00 
2,020 50 


$1,580 68 


$39,691 23 



Black Riveb Canal. 

Navigation has been uninterrupted during the season, and the canal 
is in fair condition. * 

Considerable repairs have been made to the structures by the superin- 
tendent, amounting to $9,579.19. 

The prism of the canal was thoroughly cleaned last spring, and many 
bars removed from the channel in the Black river, below Lyons Falls. 

10 
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There seems to be an annual expense for dredging the riYer channel 
of from $1,600 to $2,000, to keep this portion of the route free from 
obstructions. 

« 

If this canal is to be maintained, it would seem to be economy to make 
improYements, on the plan of jetties, where necessary, for navigation 
purposes. 

The reserYoirs have furnished the usual supply of water, and the Erie 
canal has received the benefi^t from one of its most important feeders. 

The dam at South lake is a jrooden structure, with three openings of 
3x5 feet each. It will need repairs and careful watching until rebuilt 
on the plan submitted to you last year, viz., cast-iron pipe, enclosed in 
masonry, the cost of which is estimated at $12,000. 

The maintenance of all of these works pertaining to the delivery of 
water to the south end of the summit level, should be charged to the 
Erie canal. 

An outlay of about $3,000 should be made on Forestport feeder, to 
protect the banks where sloughing has occurred, with stone and brush, 
and improving the channel for the free passage of the water. 

The maximum capacity of discharge into the Lansing Kill, at the 
south end of the summit level, is 1 2,000 cubic feet of water per minute, 
which would result in damages, by washing the intervale lands. In my 
opinion, an outlay of $3,000 would be ample to prevent these damages, 
by protecting the banks of the stream with brush and stone. 

Reference is made to table No. 3 for ordinary repairs. 

■ 

Chbnango Canal. 

The total repairs on this canal for the last fiscal year, as rendered by 
the superintendent, amount to $4,369.69. If this whole amount had 
been expended on the reservoirs and feeders at the summit level, and all 
of their waters brought into the Rome level of the Erie canal at Oris- 
kany, the State would have received a much larger interest on the 
investment. 

SXTBYJEY OP THB EbIB CaNAL. 

Description, 

This division commences at the east line of Oneida county and extends 
to the east line of Wayne county, a distance of 97.023 miles. It has a 
north-easterly course from its eastern terminus to Rome, a distance of 
seventeen miles, thence south-easterly to Canastota twenty-one miles, 
thence westerly to its western terminus of fifty-nine miles. 

The Frankfort level has a length on this division of 3.356 miles, and 
the water surface is 426.40 feet above mean low tide at Albany, the datum 
of the survey. 
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The Rome or Long level has an elevation of 428.40 feet above datum 
and a water supply of 32.732 cubic feet per minute, derived from reser- 
voirs aggregating an area of 6,559 acres and a total capacity of 
4,425,408,000 cubic feet of water. The principal structures are six 
aqueduct^ with substantial stone abutments, piers and wings supporting 
wooden trunks fifty feet in width. 

From Butternut Creek aqueduct to lock 47 at Syracuse, a distance of 
4.36 miles, the^canal bottom was lowered in 1872 for the greater part of 
this length, on a grade commencing at six inches below canal bottom at 
the aqueduct and tailing to eighteen inches below bottom at the head of 
lock 47. The work of deepening this portion was never fully completed, 
but enough has been done to greatly remedy the serious difficulty that, 
had previously existed, by reason of low water during dry seasons, when 
the waters of the feeders were diverted to the east end of the l^vel, also 
during the prevalence of high westerly winds and during frequent and 
numerous lockages. 

At Syracuse there are three double lift-locks, Nos. 47, 48 and 49, 
having an aggregate fall of 27 and 7-10 feet to the Syracuse level, which 
is 400.70 feet above tide-water. (On this level is the junction of the 
Oswego canal, extending northward to Lake Ontario, with a total fall of 
154 86-100 feet.) 

Lock 50 is about two mile west of Syracuse and has a lift of seven 
feet and seven inches to the Jordan level, which is the summit of this 
division west of Syracuse, and which is 14 9-10 miles in length. The 
sources of water supply for this level are principally from Skaneateles 
and Otisco Lake reservoirs, furnishing 14,912 cubic feet of water per 
minute. There are two fine aqueducts on this level, spanning Nine-Mile 
creek, at Camillus, and Skaneateles outlet at Jordan. Look 51, at Jor- 
dan, and lock 52, at Port Byron, have a total descent of 17 feet to the 

« 

Montezuma level, which is, therefore, 391.571 feet above tide-water, 
where the waters from the eastward unite with those of lake Erie. An 
aqueduct at Centerport, crossing the Cold Spring brook, also one at Port 
Byron, over the Owasco outlet, are fine composite structures; the abut- 
ments, piers and wings are of cut-stone masonry, which supports wooden 
trunks 60 feet in width. 

The Montezuma level extends from Port Byron to Clyde, 16 81-100 
miles, 9 1-10 miles of which, extending to the east line of Wayne county, 
are on this division, and reach to the western terminus. In view of all 
the difficulties attending the construction of this portion of the canal 
over the Seneca river and across the Cayuga marshes, it may be consid- 
ered equal to any piece of engineering on this continent. The Richmond 
aqueduct, an imposing structure, 894^ feet long, crosses the Seneca river 
three-quarters of a mile west of the junction of the Cayuga and Seneca 
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canal at Montezuma. Its foundation has an area of t^o acres, and rests 
on bearing piles from 20 to 30 feet in length, upon which are raised the 
substantial stone piers and abutments, supporting SI finely-dressed 
arches, each of 22 feet span. The trunk is 50 feet wide; the sides are of 
white oak, and the floor timbers are of white pine. It contains 10,893 
cubic yards of masonry, 110,000 lineal feet of bearing piles, and 1,500,000 
feet, board measure, of timber and plank. 

It was planned and constructed under the direction of Hon. Yan 
R. Richmond, then division engineer, and was brought into use in 1856. 

The canal west of this structure is carried over the Cayuga marshes 
with an embankment 13 feet above the original surface of the marsh, 
with an average amount of filling, per mile, of 250,000 cubic yards, and 
on an average haul of three-quarters of a niile. 

In my report of last year I gave as full information in regard to the 
condition of the prism and mechanical structures as could be obtained 
from the progress of the survey. 

There was included a general description of each level of the canal, 
showing that in the construction of the enlargement the prism was per- 
fected on the plan adopted, and that there was no original material 
found above the established grade or canal bottom. There was, how- 
ever, considerable sediment found on the inner slopes which had accumu- 
lated year by year since the completion, varying from five to seventy 
cubio yards per chain. 

Following is 2^ tabular statement showing the 

JSbtifncUed cost to restore the prism and banks of middle division of the 
JSrie canal to its original condition, length 97.02 mileSyfrom surveys 
authorized by act chapter 425, Laws of 1876. 



m 

LOCATION. 


Length 

in miles. 


Excavation, 
cubic yards. 


1 


Amoonts. 


Bmbankment, 
selected mate- 
rials, cub. yds. 


• 

8 


Amounts. 


Totals. 


Frankfort level 

Rome level 


8.856 
65.057 
0.188 
0.714 
5.014 
14.908 
7.798 
9.098 


10.038 

178.601 

.83 

1.033 

39.083 

64.880 

38.846 

88.783 


36c. 
36c. 
40c. 
40c. 
40c. 
36c. 
S5c. 
35c. 


$8,780 76 

44,636 36 

83 80 

413 80 

11,613 80 

16,307 50 

7,066 35 

9,695 50 


160.068 

.31 

.17 

8.078 

6.859 

83.000 

15.308 


• » • • 

80c. 
30c. 
30c. 
30c. 
30c. 
30c. 
30c. 


$46,'036'46 

430 

8 40 

614 40 

1, 171 80 

4,400 00 

3,041 60 


$8,780 76 
89,646 65 


Short level 


87 00 


Mile level 


416 30 


Syracuse level 

Jordan level 

Port Byron level.... 
Montezama levels.. 


13,337 80 
17,379 80 
11,486 35 
13.737 10 


Totals 


97.038 


851.637 


• • • • 


$93,403 66 


196.346 


• • • • 


$54,356 80 


$146,659 46 






Add engineering and 


Iconting 
iost — 


encies . . . . 








..\.. 


18,840 55 














Total efltYmated < 


$160,000 00 



















In the item of embankment no allowance has been made for the quan- 
tities to be removed from the prism, as it should be selected material, to 



be obtained from other sources. 
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A list of benches has been prepared giving their location and eleva- 
tion in reference to low mean tide at Albany; also, the established 
grade or canal bottom. 

The inner slopes of the banks were originally constructed with a 
"bench" three feet in width at four feet above canal bottom, 
giving a water-way of 404 square feet. These benches have been 
removed in various places along the line and full slope walls substituted, 
increasing the water-way to 428.76 square feet. The following table 
shows the extent of this work since the enlargement : 





• 

1 


Water snr&ce 

above datum. 


Vertical 
Wall, Ch^nb. 


Slops 
Wall, Ch'ns. 


Bench 
Wall, Ch'ns. 


Orio. Mat% 
Chains. 


LOCATION. 


• 

! 


• 


1 

o 


• 

9 

g 


1 
t 

o 


• 

n 


• 


• 

i 


Frankfort level 

Home level 


3.866 
56.967 
0.188 
0.714 
6.014 
14,903 
7,793 
9,098 


436.40 
438.40 
418.33 
407.69 
400.70 
408.57 
403.99 
391.57 


137 

113 

13 

10 

111 

81 

38 

8 


317 
606 
13 
65 
344 
75 
69 
16 


181 
4,383 

■***46 
353 

1,165 
500 

709 


39 
8,087 

• • • • 

164 
669 
539 
694 


• • • 

71 

■ • • • 

• • • 

83 

• • • • 

• • • • 

• • • • 


33 
866 

"464 


306 

4,391 

16 

67 

401 

1,086 

603 

788 


63 
186 


Short level 

Mile level 




Syracuse level 

Jordan level 

Port Byron level 

Montezuma level 


• • • • 

100 
16 


TotalB 


97,033 




444 


1,383 


7,165 


5,153 


103 


738 


7,386 


864 







Water Supply/, 

The most important and difficult part of the canal to provide with 
water is that between lock 47, at Syracuse, -and lock 39, at Little Falls, 
a distance of 80.21 miles, pf which 65.957 miles comprises the Rome or 
summit level. 

The total amount furnished from sources, as shown in the table hereto 
annexed, is only approximately given, owing to the want of accurate • 
measurements of the reservoirs, and of their drainage basins. Of the 
total supply of 32,732 cubic feet per minute, 13,000 is derived from the 
water sheds of the Black and Mohawk rivers, and is brought into the 
canal at Rome. The remaining quantity of 19,732 cubic feet per minute 
is derived from the reservoirs and natural drainage on the south side of 
the canal. I have had prepared a profile and a statement, in a tabulated 
form, which show the distribution of the water supply between these 
two points. The calculation is based on the following data : 

Demand for 200 lockages per day, including leakage and waste, 5,500 
cubic feet per minute, at each end. Loss by evaporation, filtration and 
waste at structures per mile, 244 cubic feet per minute. 

Demand for Oneida Lake canal, with 20 lockages per day, with evapo- 
ration, filtration, etc., on 5 3-10 miles, 2,162 cubic feet per minute, which 
loss represents a distance of 8.86 miles of canaL This will explain the 
additional length shown on the profile. 
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The above table shows the elevation of the spillways of all the aque- 
ducts and waste weirs in relation to canal bottom, and mean low tide at 
Albany. It will be observed that all of them on the Rome level are 
below the established water surface, varying from one-half inch to four 
inches. 

The profile of the banks on the Rome level shows that at no place are 
they up to grade, but below the standard of nine feet, varying from three 
inches to fifteen inches. It is evident that water is wasted at the struct- 
ures, and the banks are too low to maintain seven feet depth of water. 
To remedy this, the coping to all spillways should be raised to a hight 
corresponding to that noted in the above table of aqueduct and waste- 
weii*s, and the banks should be restored to the original hight of nine feet 
above canal bottom throughout its entire length. 

The total cost of engineering for the survey of the Erie canal, as 
authorized by act chapter 425, Laws of 18V6, is: 

For the fiscal year ending September 30, 1876 $3 ,060 29 

For the fiscal year ending September 30, 1877 2 , 401 61 

Total. . K^ $5,441 90 

In conclusion, I have to say that I have been ably assisted by Resident 
Engineer Richmond, and Assistant Engineer in charge Whitf ord and his 
assistants, in all matters pertaining to the duties of this ofiice. 

Respectfully submitted. ' 

CHARLES A. SWEET, 
> Division Engineer. 
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List of established benches. 






DESCRIPTION. 



1 
3 

8 

4 
5 
6 
7 
8 
9 

10 

11 



12 

13 
14 

15 
16 
17 
18 

19 
30 
21 
22 

23 
34 
25 
26 
27 
28 

89 



81 

83 
38 

84 

35 

86 

87 
88 

89 

40 

41 
42 
48 
44 

46 
46 

47 
48 
49 

60 



FraDkfort leTel 

S. E. corner bottom step E. wincr T. P., abut.. Green's bridge, E. Utlca.. 
Projection on 2d coarse W. wing T. P. 8 ft. from W. end, Green's 

bridge, E. Utica 

8. W. comer bridge seat T. P. abnt. starch factory bridge 

S. W. corner bottom Ptep W. wing T P. abut.. Clay ptreet bridge, Utica, 
N. W. corner, W. wall bulk-bead wai^te-weir, E. ot Broad street, Utica.. 

N. W. corner top of 4th column from B. end Utica weigb-lock 

S. 51. comer 2d step E. wing T. P. abut , Genesee street bridge, Utica. .. 

W. corner W. wing T. P. abut, Seneca street bridge, Utlca 

S. W. corner foundation of S. W. buttress Broadway street foot bridge, 

Urica 



8. W. comer 6th step firom top W. wing T. P. abutment. Potter's 

bridge, Utica 

Coping lower H. quoin N. side N. lock, lock No. 46 



Rome leyel 

N. E corner bottom step E. wing berme abutment, Piatt street bridge, 

WestUtica 

East corner bottom step E. wing T. P abut.. Smith's farm bridge 

Eant corner bottom step E. wing T. P. abutment half-way bridge (street 

car railroad bridge), 2 miles west of Utica ". 

E. corner bottom i»tep E winj; T. P. abut, road bridge, Yorkvllle 

N. E. corner coping parapet E. wing T. P. Sauquoit creek aqueduct 

W. corner W wing T. P. abut., Clinton street bridge, Whitesboro 

E. corner bottom step E. wing T. P. abut., Westmoreland street bridge, 

Whitesboro.. 

E. corner buttress E. wing T. P. abut., Bradley's road bridge 

E. corner bottom step E. winff T. P. abut., Evans' farm bridge 

N.^ W. corner coping parapet W. wing T. P. Oriskany creek aaueduct. . , 
Projection on stone 2d course near W. angle T. P. abut., Bralnard's 

farm bridge 

E. corner bottom step E. wing T. P. abut, Parkhurst's farm bridge 

S. W. corner W wing T. P. abut, top of 2d course, Kirleys farm bridge, 

8. E. corner, bottom step E. wing: T. P. abut, Murphy's road bridge 

8. B corner E. end coping parapet of waste- weir, 4 miles B. of Rome... 
N. E. corner bottom step £. wing berme^ibut, Stanwix road bridge. . 
S. E. comer S. end coping W. wing culvert over Mohawk feeder at 

Rome. . .'. 

8. E. corner E. window on sill in rear of Ethrldge and Tnller's store, 

Rome 

S. W. corner bottom step W. wing T. P. abut, road bridge W. of R. W. 

andO. R R. bridge 

Projection stone in 3d course near E. wing T. P. abut., Bralnard's farm 

bridge. Fort Bull 

S. W. corner coping parapet wall W. end Fort Bull waste-weir 

Projection 3d stone from end W. wing, ground course T. P. abut., Arm- 
strong's farm bridge, Hawley's basin 

N. E. corner bottom step E. wing T. P. abut, road bridge, 2 miles W. of 

Port Bull 

Projection on stone below bottom step E. wing T. P. form biidge 2^ 

miles west of Fort Bull 

Projection on stone below bottom step face B. wing T. P. road bridge, 

}i mile E. of New London 

S. E. comer bottom step E. wing T. P. abnt. road brieve, New London, 
Top of masonry under berme bent 3d stone from W. end road bridge, 

Grove Spring 

Projection 3d stone from E. end B. wing T. P. abut, road bridge 3 miles 

west of New London 

Projection 4th stone from E. end E. wing dd coarse T. P. abutment, 

road bridge, Happv Valley 

8. E. corner 3d B. wing T. P. abut. E. road bridge, Higginsville 

8. W. corner 3d step W. WlngT. P. abut. W. road bridge. Higginsville, 

8. E. comer 8d step E. wing T. P. abut road bridge, Dunoarton 

8. B. corner 8d step E. wing T. P. abut road bridge, yi mile east of State 

bridge 

8. E. corner 4th step E. wing T. P. abut, road bridge, State bridge 

N. E. corner E. end coping parapet wall arch culvert, 1 mile W. of State 

bridge 

S. W. comer 3d step W. wing T. P. abut. E. road bridge, Durhamville.. 

8. E. corner 3d step B. wing T. P. abut Iron bridge, Durhamville 

8. W. comer bottom step w. wing T. P. abut, Oneida Creek Road or 

Rennet's bridge 

N. B. corner bottom step B. wing berme abut, Schollhammer^s bridge.. 







13.619 

11.653 
17.063 
12.481 
7.641 
11.156 
10.785 
11.788 

9.307 

13.148 
12.033 



11.018 
12.976 

11.594 
12.837 
11.933 
12.191 

11.242 
14.896 
12.332 
13.419 

9.477 
12.319 
10.549 
18.303 
11.450 
13.543 

11.685 

14.853 

13.508 

11.995 
11.296 

9.403 

13.668 

13.033 

12.036 
18.671 

7.858 

13.806 

13.800 
10.914 
10.910 
11.058 

10.964 
11.901 

7.071 
13.363 
11.162 

11.610 
11.811 






418.400 
433.019 

430.063 
435.468 
430.881 
436 041 
429.666 
429.185 
430.188 

437.707 

431.548 
430 438 

431.400 

432.418 
434.376 

432.994 
434.287 
4a3.388 
433.591 

432.642 
436. 2H6 
433.733 
483.819 

430.877 
433.619 
431.949. 
434.703' 
432.860 
434.943 

438.065 

436.358 

484.908 

433.895 
433.696 

430.808 

485.068 

484.488 

438.485 
486.071 

439.368 

438.606 

438.700 
433.314 
483.310 
483.468 

483.864 
438.801 

438.471 
483.668 
433.663 

438.010 
488.311 
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List of established benches — {Continiced). 






61 
63 
68 

64 

65 
66 
67 
68 
69 
60 

61 
63 
68 
64 

66 
66 

67 
68 

69 

70 

71 
72 
78 

74 
75 



76 



77 
78 



79 
80 
81 
82 



84 
86 

86 



87 
88 
89 
90 
91 
92 
98 
94 
95 
96 
97 

98 
99 

100 
101 



DBSCBIPTION. 



N. B. corner coping battress E. win^ T. P., CowaKsalon creek aqaedact, 
S. W. corner 2d step W. wing T. P. abat., road bridge, Lenox basin . .. 
N. E. comer coping parapet over face B. wing, calvert 1 mile W. Lenox 

basin 

S. B. comer 8d step B. wing T. P. abut., Peterboro st. bridge, Canas- 

tota 

N. W. comer coping parapet, culvert ^ mile W. of Canastota 

S. B. comer 4th step B. wing T. P. abnt., Beaver road bridge 

N. B. corner B. end parapet culvert, 2 miles W. Canastota 

N W. comer W. end parapet cnlvert« % mile B. of New Boston 

S. B. corner 4th step B. wing T. P. abat., road bridge. New Boston 

Coping parapet 1 foot flrom nee of W. wing cnlver^ over Chittenango 

creel 

S. B. corner 5th step B. wing T. P. abut road bridge, Canasaraga. J 

N. E. corner coping W. abut., Chittenango Creek aqnednct 

S. B. corner buttress 3d course B. wing T. P. abut., road bridge, Bolivar, 
Projection 4th coarse comer stone near B. wing T. P., White bridge, B. 

of Pool's brook 

8. B. corner B. end coping parapet waste-wier, PooVs brook 

S. W. comer coping Duttress W. wing T. P. abut, road bridge. Kirk- 

vllle 



N. B. corner coping parapet calvert, )£ mile W. of Kirkville 

S. B. comer S. end retaining wall onB. side bridge approach T. P. side 

road bridge, Manlius Centre 

S. E. comer 2d step B. wing T. P. aboat S. and C. Y. B. B. bridge, 

Manlius Centre 

N. W. corner coping i>arai>et over battress W. wing. Limestone Creek 

Aqueduct 

N. B. corner coping butteress W. wing calvert, 1 mile W. of aqueduct.. 

N. B. comer coping parapet E. wing Butternut Creek aqueduct 

S. B. comer fonndation stone B. butteress T. P. abutment road bridge, 

Thompsons landing 

S. B. comer stone door sill W. powder-house 

Upper Hollow qaoin S. side N. lock, lock 47, Syracnse 



Short level 

Bast Hollow quoin S. side N. lock. Lock 48 



Mile level 

S. B. comer 4th step B. wing T. P. abut , William st. bridge, Syracuse. . 
Bast Hollow quoin 8. side N. lock. Lock 49 



Syracuse level 

East Hollow quoin N. side lock Weigh-lock, Syracuse 

Bast wall 9 10 above Bulkhead State race, west Syracuse 

S. B. comer 4th step B. wingT. P. abut., Geddes st. bridge, Geddes ... 
South-west corner buttress w. wingT. P. abut., Genesee St. bridge.. 

Geddes (coping off) 

S. W. corner coping buttress W. wing T. P. abut.. Bridge st. bridge, 

Geddes 

S. W. comer stone over well near Salt bridge, Geddes 

S. W. corner coping buttress W. wing T. P., road bridge, Gere's 

Landing 

Bast Hollow quoin S. side N. lock. Lock 60 



Jordan level 

N. B. comer coping parapet culvert ^ mile W. lock 60 

N. B. corner coping buttress B. wing T. P. abut, road bridge, Bellisle . . 

N. B. comer coping buttress B. wing T. P. abut, road bridge, Am boy 

N. E. comer coping parapet B. wing T. P., Nine Mile Cre^ aqueduct . . . 
S. B. corner coping buttress B. wingT. P. abat., Camillas road bridge.. 
S. E. corner coping buttress E. wing T. P. abut, road bridge, Newport, 
S. W. corner coping buttress W. wingT. P. abut, road bridge, Memphis, 
N. E. corner coping buttress W. wing T. P., culvert J^ mile B. of Peru, 

8. W. corner battress W. wingT. P. abut, road bridge, Peru 

8. B. corner battress B. wine T. P. abut, road bridge. Shanty Point 

S. W. comer bottom step W. wing T. P. abut., Buena Vista road bridge. 

Califomia 

N. B. corner coping buttress W wing, calvert B. of Jordan 

8. B. corner coping buttress E. wing T. P. abut., Beaver st. bridge, 

Jordan 

N. W. comer coping parapet E. wing T. P., Jordan aqueduct 

East Hollow quoin S. sideN. lock. Lock 61 




8.712 
10.549 

6.588 

11.662 
7.622 

11.672 
7.611 
7.409 

11.956 

6.656 
12.889 

8.618 
10.905 

11.757 
10.451 

18.909 
4.691 

18.886 

10.896 

12.674 

2.005 

12.499 

9.776 
8.759 
9.184 



3 



8.786 



12.866 
8.888 



9.012 

8.237 

11.644 

18.091 

18.591 
10.057 

18.461 
16.762 



8.070 
13.549 
18.797 
12.475 
12.718 
12.368 
14.216 

4.486 
12.852 
12.666 

11.180 
2.889 

18.098 

12.658 

8.988 



a 

o 



430.113 
431.949 

427.988 

438.063 
429.023 
483.973 
438.911 
438.809 
433.856 

437.056 
484.839 
480.018 
433.805 

483.157 
481.861 

435.309 
436.091 

484.786 

433.396 

434.074 
433.406 
433.899 

431.175 
430.150 
430.584 

411.336 
419.961 

400.687 
418.553 
409.575 

898.696 
403.708 
401 988 
405.840 

406.787 

407.387 
408.758 

407.167 
410.458 

401.668 
404.688 
416.117 
415.865 
414.043 
414.386 
413.936 
415.784 
406.054 
413.930 
414.134 

413.698 
404.457 

414.666 
414.136 
410.606 
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List of established benches — {Continued), 



u 

I 



102 
103 

104 

105 
106 
107 
108 
109 
110 
111 

lis 

113 
114 



115 
116 
117 
118 
119 
130 
ISl 
133 
133 



DESCRIPTION. 



Port Byron level 

S. W. comer 3d etep W. winf( T. P. abut, road bridge, Cold Spring. . . . . 
S. E. corner 4th step B. wing T. P. ftbat. road bridge, 1^ mile w. of 

Lock 51 

S. E. corner 3d Btep E. wing T. P. abut, road bridge, ^ mile E. of Poor 

Jake's 

S. E. corner 3d step E. wing T. P. abut., Pntnam's Farm bridge 

S. E. comer 8d step E. wing T. P. abat.. Young's Farm bridge 

N. E. corner E. wall of bulkhead of waste- weir, Weedsport 

S. B. corner 3d step E. wing T. P. abut., Seneca st. bridge. Weedsport. 
S. B. comer 3d step E. wing T. P. abut., Brutus st. bridge, Weedsport. 

N. W. corner coping E. buttress W. wing, Centreport aqueduct 

S. B. corner 5th step B. wing T. P. abut, road bridge, Centreport 

S. E. corner 5th step E. wing T. P. abut., Utica st. oridge, Pt. Byron.. 

N. W. comer N. buttress B. wing T. P., Owasco Greek aqueduct 

E. Hollow quoin S. side N. lock. Lock 63 



Montezuma level 

S. B. comer 4th step B. wing T. P. abut , Hotailine's Farm bridge 

^. W. comer coping parapet W. wing. Crane Brook aqueduct 

S. W. corner 3d step W. wing T. P. abut, iron road bndge, Montezuma, 
S. W. comer 3d step W. wing T. P. abut, road bridge, WTof Montezuma, 
N.W. comer coping parapet B. wing N. buttress, Seneca River aqueduct. . 
N.W. comer coping parapet W. wing N. bnttres8,Seneca River aqueduct. 
N. W. comer 8d step W. wing S. abut.. Change Bridge at May's Point.. 

S. W. comer coping parapet, culvert % mile B. Wayne county line 

N. W. corner coping buttress E. wing T. P. abut, road bridge, Wayne 
countyline 



a 



10.674 

13.013 

10.036 
11.673 
11.930 

8.168 
10.913 
11.946 

8.606 
13.333 
13.471 

8.609 

8.433 



11.011 
13.670 
11.661 
13.096 
13.406 
13.369 
13.164 
6.319 

13.407 






895.988 
406.663 

408.000 

406.084 
407.6m 
407.918 
404.766 
406.901 
407.933 
404.698 
409.331 
406.459 
404.497 
404.430 

884.871 
896.683 
897.141 
896.133 
896.666 
896.979 
896.830 
896.785 
890.890 

896.978 
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' TABLE No. 2 — (Continued). 

Oneida Lake Canal. 
Completion of canal with Jive feet depth of water. 





Authorized 

BT 


• 

1 

< 


Bptlmated coe>t 
and amount e>et 
apart by Canal 
Board. 


Am*nt done dur- 
ing fiscal year. 


* 


NAME OP CANAL. 


»4 

I 

S 


o 

OB 

.3 


Remarks. 


Completion of Oneida 
Lak^ <*ai^1 


SOI 


1877 


$48,281 90 


$18,000 00 


$17,818 86 


Completed. 





TABLE No. 3. 

Statement of miscellaneous work upon ordinary repairs done by the 
Superintendents^ under^ the supervision of the Engineer Departm,ent^ 
for the fiscal year ending September 30, 1877. 

^ Erie Canal. 

Section No, 6 — 38.106 miles in length, 

Am't done during Total amount 
Character of work. fiscal year. on sections. 

Repairing lock No. 46 $149 27 

Repairing aqueducts on section 776 44 

Repairing waste- weirs on section 69 15 

Repairing culverts on section 847 89 

Repairing bridges on section 4, 116 66 

Rebuilding bridges on section 267 27 

Raising banks on section 9, 186 46 

Cleaning out prism on section 1 , 971 96 

Repairing slope wall on section 1 , 761 01 

Repairing docking on section 406 13 

Cleaning out creeks 8,048 86 

Repairing dams 92 44 

Total for section No. 5 $22, 172 62 

Section No, 6 — 31.004 miles in length. 

Repairing locks on section $649 71 

Rebuilding Camiilus aqueduct 6,496 43 

Repairing Butternut and Limestone aque- 
ducts 64 03 

Repairing waste-weirs 262 64 

Repairing weigh-lock at Syracuse 101 26 

Repairing bridges on section 2 , 177 29 



« 
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AmH done during Total amount 

Character of work. fiscal year. on Bections. 

Bewooding and inserting iron needle beams 

in Grape street bridge, Syracuse $879 81 

Constructing bridge at Jamesville 420 38 

Raising banks , 3,398 25 

Cleaning out prism 1 , 101 76 • 

Cleaning out creeks 63 42 

Repairing dams 41 29 

Repairing slope wall 235 38 

Repairing docking ; 232 31 

Repairing vertical wall 204 12 

» III 

Total for section No. 6 $16,216 97 

Section No. 7 — 27.913 miles in length. 

Repairing lock No. 61 $78 86 

Repairing lock No. 62 323 37 

Repairing aqueduct at Jordan 39 40 

Repairing Centreport aqueduct 2 00 

Repairing Crane Brook aqueduct 17 75 

Repairing Richmond aqueduct 961 66 

Rebuilding St. John's bridge at Weedsport, 298 72 

Rebuilding Young's bridge at Weedsport.. 291 09 

Repairing approaches, etc., at Cold Spring. . 20 79 
Rewooding and inserting iron needle beams 

in Utica street bridge, at Port Byron. ... 619 73 

Repairing bridge at Skaneateles 130 17 

Repairing bridges at Newport, Jordan, 
Weedsport, Hamilton's, Centreport, Port 

Byron and Montezuma 1 ,041 99 

Raising and repairing banks 2 , 602 43 

Cleaning out prism 409 62 . 

Cleaning but creeks 208 82 

Repairing dam at Skaneateles 44 60 

Repairing dam at Jordan . .' 13 27 

Repairing dam at Port Byron feeder 16 48 

Repairing slope wall at Port Byron and May's 

Point 26 84 

Repairing docking, Memphis, Jordan, Weeds- 
port and Montezuma 47 99 

Repairing breaches, Port Byron feeder and 

Montezuma 330 36 

Removing brick wall debris at Jordan 32 85 
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AiB*t done during Total amoant 
Character of work. Atcalyear. onsectlone. 

Repairing vertical wall at Memphis $15 18 

Cutting ditch west of lock 51 Ill 59 

Cutting ditch between Memphis and Pern.. 108 75 

Protection wall west of Seneca river 73 21 

Total for section No. 1 $8,007 30 

Total for Erie canal $45,396 79 

Oswego Canal, 

Section No. 1. 
Repairing locks on section $1 ,693 74 

Rebuilding bridges at Greene Point, and be- 
low lock 3 1,917 97 

Repairing bridges on section 682 56 

Raising banks on section 2 , 225 86 

Cleaning out prism on section 654 75 

Repairing dams on section 2 50 

Repairing slope wall on section 164 38 

Repairing docking on section 2,611 00 

Building coffer dams 191 43 

$10,144 19 

Section No. 2. 
Repairing locks on section $722 72 

Rebuilding lock gates on section 2,379 60 

Rebuilding bridges on section 1 , 462 34 

Repairing biidges on section 466 20 

Repairing dams on section 1 99 85 

Raising banks ,. . . 1,740 33 

Cleaning but prism 176 89 

Repairing docking 274 40 

Repairing breaches 806 85 

7,719 18 

Total for Oswego canal $17,863 37 

Cayuga and Seneca Canal. 

Repairing locks $1 , 1 74 83 

Rebuilding lock gates 856 04 

Repairing bridges 1 , 805 34 

Raising banks 1 , 646 34 

Repairing dams 69 l7 

Repairing docking 646 69 

Total for Cayuga and Seneca canal $6,198 41 
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Black River Canal. 

AmH done daring Total amoant 
Character of work. fiscal year. on sections. 

Repairing locks $2,820 22 

Rebuilding lock gates 2,477 64 

Repairing aqueducts 294 00 

Repairing waste-weirs 212 75 

Repairing culverts 142 60 

Repairing bridges 1,302 22 

Rebuilding bridges 916 05 

Dredging 1 ,595 19 

Raising and repairing tow-path and removing 

bars 1,681 60 

Cleaning out prii^ 1 , 324 68 

Repairing dams . . . ^ 337 82 

Repairing docking and sluices 1 , 076 99 

Repairing road to reservoir 203 49 

Total for Black River canal $14,384 05 
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WESTERN DIVISION. 



ANNUAL REPORT OF WILLIAM H. SEARLES, DIVISION 
ENGINEER, FOR THE FISCAL YEAR ENDING SEPTEM- 
BER 30, 1877. 

Engikebb Department, Western Diyision, ) 
Rochester, N. T., October J, 1877. J 

Hon. John D. Van Burbn, Jr., State Engineer and Silrveyor: 

, Sir. — In compliance with the regulations established under act chap- 
ter 169, Laws of 1862, governing the engineer department, I have the 
honor to present to you my report, upon the western division of the 
New York State canals, for the fiscal year ending September 30, 1877. 
The canals and navigable feeders, embraced in this division, are as 
follows: 

Miles. 

Erie canal, from south line of Wayne county to Buffalo 148.90 

Genesee River feeder, at Rochester 2 . 26 

Genesee Valley canal, from Rochester to Mill Grove 113.60 

Genesee River feeder, at Oramel .76 

Dansville branch of Genesee Valley canal 1 1 . 00 

Chemung canal, from Watkins to Elmira 23 . 00 

Chemung Canal feeder, from Corning to Horseheads 16 .00 

Crooked Lake canal, from Penn Yan to Dresden 7.66 

Total 323 . 06 



The unnavigable feeders have an aggregate length of fourteen miles, of 
which eleven and a-half pertain to the Erie canal, and the balance to the 
Genesee Valley canal. 

The sources of water supply on this division are as follows : 

For Erie Canal. 
Lake Erie. 

Tonawanda creek, at Pendleton. 
Tonawanda and Oak Orchard creeks, at Medina. 
Genesee Valley canal, at Rochester. 
Genesee river, at Rochester. 
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Fob Gknesbb Valley Canal. 

Allen's creek, at Scottsville. 

Genesee river, at Mount Morris. 

Canaseraga creek, two miles north of Dansville. 

Mill creek, at Dansville. 

Wiscoy creek, at Mixville. 

Genesee river, at Oramel. 

Rockville reservoir, near Belfast. 

T^o branches of Black creek, on summit level. 

Oil Creek reservoir, on summit, two miles north of Cuba. 

Champlain and Griffin creeks, at Cuba. 

Ischua reservoir, at South end of summit level. 

Oil creek, at foot of lock No. 101, near Hinsdale. 

Haskell creek, on extension. 

Dodge creek, on extension at Portville. 

Oswayo creek, on extension south of Portville. 

Allegany river, at head of canal, at Mill Grove. 

Fob Chbmuno Canal. 
Chemung river, at Corning. 

Fob Cbooked Lake Canal. 
Crooked lake and outlet, at Penn Yan. 

£bie Canal. 
Water Supply. 

Lake Erie is the main source of supply for the Erie canal, and is ample 
under all ordinary circumstances, to furnish water for navigation over 
the entire distance from Buffalo to the eastern boundary of the division. 

Tonawanda creek furnishes its entire volume to the canal, its bed 
being used for slack-water navigation from Pendleton to Tonawanda, 
a distance of twelve miles. 

The feeders from Oak Orchard creek and Genesee river are used only 
at the opening of navigation, and, in case of emergency, during the 
summer season. The Genesee canal has supplied water through one 
open paddle during the present season, without which the navigation of 
the Erie at Rochester and eastward, would have been somewhat 
defective. 
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TONA WANDA AND OaK ObOHABD CbEBK FeEDEB. 

This work, which is eleven and a-half miles in length, extends from a 

dam on Tonawanda creek, in Genesee county, to the Erie canal, at 

Medina. It consists of 

Miles. 

1. An open cut, forty feet wide, and two feet depth of water, 

from Tonawanda creek to Oak Orchard creek, through Tona- 
wanda swamp, receiving the drainage of the swamp from 
the east, length 4 .05 

2. The excavated channel of Oak Orchard creek, cut mostly 

through solid rock, fifty feet wide by two feet deep, length, 3 . 20 

3. The natural channel of Oak Orchard creek as far as the dam 

at Medina, length , ... 3.20 

4. The race-way from the dam to Erie eanal, length 1.10 

Total miles 11 .65 



The Tonawanda dam is built of timber, with substantial stone abut- 
ments, and is in good order. Its height is two feet six inches, and 
length 150 feet. 

The open cut has a bulk-head near the dam which, in time of flood, is 
closed, and shuts off all the water of the creek, but is opened during the 
dry season, and passes the entire ordinary flow of the creek. 

The channel of Oak Orchard creek was excavated in the year 1863, at 
a cost of over $16,000, to provide for the water flowing through the 
open cut, without backing up the water of the creek on the lands above. 

The feeder affords a valuable water power at Shelby Centre and at 
Medina, the fall in both places being high. The discharge of water is 
estimated at 1,600 cubic feet per minute. The feeder has also been of 
very great advantage to the swamp lands lying west of the open cut by 
the drainage afforded, and protection from floods, thus reclaiming them, 
and converting a useless morass into a fertile and well cultivated district. 

The feeder is of little service to the canal at the present time, the 
water being allowed to discharge under the aqueduct. In case of neces- 
sity, however, it could be turned into the canal, and by bottoming out 
the open cut, which is much obstructed by mud and grass, the discharge 
could be much increased. 

Genesee Riveb Feedeb. 

The Genesee River feeder of the Erie canal is situated on the east 
bank of the river, in the city of Rochester, and is two and a quarter 
miles long. It has a substantial bulk-head at the upper end. The State 
dam above the feeder is designed to raise the water a little above the 
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level of the canal, but a portion of the dam was removed several years 
ago, so that, except in flood time, the river level is below that of the 
canal. 

By restoring the dam, which can be done at small expense, the feeder 
may be made to supply the canal as formerly. Should a break occur 
west of Rochester, this feeder would prove invaluable to the interests of 
navigation. 

The feeder is in bad order. The bank on the river side has been so 
eroded by the action of ice and freshets that, for several hundred feet, 
it is less than five feet wide on top, with a slope toward the river 
steeper than one to one, and fifteen feet high. There is great danger of 
a break occurring in this bank, especially if the feeder were in use. It 
is exposed to the river, and is liable to be washed away in time of flood. 

The feeder has accumulated a large amount of sediment, and is nearly 
chok^^d with aquatic plants, rendering it nearly useless as a feeder. It 
should be thoroughly bottomed out, and the banks strengthened, no 
work having been done on it for years. It is estimated that at least 
$10,000 will be required to put the feeder in good order. In case of the 
entire abandonment of the Genesee Valley canal, this feeder would 
necessarily come into constant use, to regulate the eastern end of the 
long level, into which it empties. 

Navigation. 

The navigation of the Erie canal has been without interruption during 
the present season. No break of any serious consequence has occurred, 
although several leaks, which were rapidly assuming dangerous propor- 
tions, have been detected and stopped. The waste- weirs were adjusted 
in the spring according to the levels of the Erie survey, resulting in a 
better regulated stage of water than previously existed. During May 
and June last, the water throughout the division coincided closely with 
the marks fixed for its regulation, and was quite steady, except as affected 
by the wind. About July first, the eel grass and other water plants 
began to show themselves, and in a short time so filled up the prism as 
seriously to impede the flow of water on the long levels. Careful 
measurements, taken during July, show that the water requires an addi- 
tional head of one-quarter of an inch per mile, in order to overcome the 
obstruction of the grasses. This additional head could not be given at 
Lockport, owing to the low state of the berme banks, which, in many 
places, were but a few inches above the regular surface, and hardly safe 
at the ordinary stage. As a consequence, the water became quite low 
at Rochester, but, by feeding in part from the Genesee Valley canal, and 
securing a very economical use of water eastward, the levels were kept 
up to a point that would sustain navigation. 
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The State tug from Buffalo was employed to remove the grass, on the 
long level, by dragging heavy chains behind it, and was tolerably 
successful after several trips between Lockport and Rochester. 

Little effort was made on the other levels to uproot the grass, as the 
water could be raised on them sufficiently to give the necessary flow. 

The grass is a serious hindrance to boats, and causes great inconveni- 
ence by gathering upon the tow-lines. Any means of quickly removing 
the grass from the prism of the canal, would prove of great value to 

navigation. 

Division wall. Black Rock Harbor. 

This work remains the' same as it was left by the contractor two years 
ago, except for the deterioration of unfinished portions. The length 
built is 10,455 feet, the part unbuilt is 897 feet, or eight per cent of the 
whole, and comprises two gaps in which no work has been done. These 
gaps render almost valueless the work that has been finished at a cost of 
1337,629.69, when the whole might be completed by an expenditure of 
$35,000 more. Meanwhile a large bill of repairs is annually incurred, 
amounting to thousands of dollars, which would be avoided were the 
wall completed and the canal separated from the haibor. It is of great 
importance to navigation, and also as a measure of economy, that this 
wall be completed. The harbor has been rapidly silting up, so that 
islands of large extent now appear, where a few years since was deep 
water, and there is barely a navigable channel for lake craft left at this 
time. The reason for this is, the main supply of water for the harbor 
comes down the canal and passes through the gaps in the division wall 
to supply the large number of flouring mills, which obtain their water 
power from the harbor. The gaps being near the lower end of the har- 
bor, tend to create a slack water in the harbor above them in which the 
deposits take place. Were the gaps closed, not only would the canal 
be saved from a current detrimental to navigation, but the harbor would 
be improved by the increased current which must then flow through it, 
scouring out a channel for itself and improving the harbor navigation, 
which now is only maintained by the assistance of the State dredge. 

Buffalo Sewerage. 

The Main and Hamburg street canal, a short extension of the Erie 
canal, in the city of Buffalo, occupies the old bed of the Little Buffalo 
creek. It was originally built by the State in the interest of property 
holders in that vicinity, but owing to sewage that has been allowed to 
discharge into it, it has become an open cesspool vitiating the atmos- 
phere of the neighborhood with its unwholesome fumes. The city of 
Buffalo pays $3,000 annually to keep in motion a submerged wheel 
drawing water from Ohio basin, and giving a very slight current to these 
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otherwise stagnant waters. The Erie canal receives all the impurities 
thus sent forward, and is made the outlet for the sewage of the entire 
city, greatly to the damage of all boating interests. 

There are forty-four sewers discharging into the canal system iif 
Buffalo, having a total length of eighty-four miles and draining an area 
of 4,220 acres. 

On the completion of the system now in progress of construction 
there will be over 100 miles of sewers, draining 10,000 acres of city 
property. This large system, instead of discharging as at present into 
the Erie canal should discharge into Niagara river, but to effect this it 
will be necessary for the city to build a belt sewer parallel in general 
to the canal and discharging under the bottom at two points, by large 
culverts which should be oonstrcted by the State. The expense to the 
city is estimated by the city engineer at $2,000,000, and the expense to 
the State would probably be about one-tenth of that sum. 

Erie Basin. 

The Erie basin lies at the entrance to Buffalo harbor, and communi- 
cates with the canal through several slips. It is 2,000 feet long by 800 
feet. Tv^idth, and is protected from the lake by a breakwater of heavy 
masonry, with a foreshore of rip-rap. The sand washed into it from the 
lake makes dredging necessary. Most of the abandoned craft which 
were sunk in this basin last year have been raised and removed, but 
others are taking their places and should be disposed of, and measures 
taken to prevent the deposit of worthless hulks here which have to be 
removed at State expense. 

BiBD Island Bbbakwater. 

This structure, 2,200 feet in -length, extends southerly from the old 
Bird Island pier, at the entrance to Black Rock harbor, and is designed 
specially to protect the Erie canal against the encroachments of the 
lake. It was completed to its present limit in 1874, but was partly 
destroyed by a storm the same year. After being repaired it was fur- 
ther damaged the following year, and so remained until the fall of 1876, 
when its repair was undertaken by the superintendent under the direc- 
tion of the engineer. The work consists of a line of cribbing twenty 
feet wide, standing on the bottom, in water from eight to twenty -five feet 
deep, filled with loose stone, and decked over with plank. The deck is 
about four feet above low water mark. The cribs are built of hemlock 
timber twelve inches square, and were originally fastened together with 
twenty-four inch drift bolts one (1) inch in diameter, driven in holes 
bored of the same size. It was owing to this insufficient fastening that 
some of the top portions were carried away by the force of the waves. 
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In the late repairs pine timber was used, and drift bolts one inch square 
and forty inches long were diiven into holes one and one-sixteenth 
inches diameter, a washer being used upon the top courses to prevent 
^hose timbers slipping over the heads of the bolts. The bolts were 
placed, usually, five feet apart, and driven at a slight inclination to the 
vertical. The foreshore which formerly consisted of small stone, and 
which had largely disappeared, was now repaired with stone blocks, the 
smallest of which contained not less than twenty-seven cubic feet. Thus 
fortified, the breakwater has safely withstood all storms, and is now in 
good condition, although some of the large stones have been thrown up 
by the waves and landed on deck. 

The expense of this repair was 112,361.78. 

The breakwater is 2,500 feet shorter than the original design, and 
hence affords only half the protection that was intended. Moreover, its 
hight above low water leaves it nearly, or quite, submerged by the high 
water which accompanies the severest storms, so that it does not entirely 
destroy the violence of the waves passing over it. The canal is conse- 
quently still exposed to the lake and iias suffered considerable damage 
at times. 

A heavy plank fence four feet high, having piles for posts, has . been 
built along the tow-path, where exposed to the lake, and has served a 
good purpose thus far for local protection. 

Locks. 

There are twenty-three (23) locks pertaining to the Western Division 
of the Erie canal, all built of ashlar masonry. Of these nineteen (19) 
are lift-locks, numbered from No. 63 to No. 71, inclusive, and located 
between Clyde and Lockport. They all have double chambers^ (110) 
one hundred and ten by (18) eighteen feet each. ■ 

At Sulphur Spring, near Pendleton, is a guard-lock of one chamber, 
110 by 20 feet, usually standing open, but having a lift depending upon 
the stage of water in Tonawanda creek. 

At Tonawanda is the ** river lock," a single lift-lock communicating 
with the creek below the dam, and so with the Niagara river. The 
chamber is (HO) one hundred and ten feet by eighteen (18) feet, with 
a four foot lift. 

At Black Rock is a guard-lock of two chambers (1 1 2) one hundred 
and twelve by (20) twenty feet each, with a lift of one foot and two 
inches, or more, depending on the stage of water in Lake Erie. Also, a 
ship lock, communicating with Niagara river, of one chamber (200) two 
hundred by (36) thirty-six feet, and four (4) feet lift. 

The locks are generally in good condition, requiring the usual amount 
of ordinary repairs only. 
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Lock No. 60, Lower Macedon, was thoroughly repaired before navi- 
gation opened, by the superintendent, and is now in good order. The 
masonry of the locks generally is in good condition, requiring only 
some pointing. The lock-gates on section 8, and particularly those at 
Lockville, are in need of extensive repairs. The paddles generally leak 
very badly, and the paddle levers are worn out. There is a great and 
constant waste of water in conseNgfuence. Some of these gates are old 
and liable to accident at any time, and there are no duplicates on hand 
in case of failure! A considerable outlay in this direction should be 
made before another season of navigation. On the other sections the 
lock-gates and valves are generally in better order, requiring ordinary 
repairs only. 

The increasing business at Tonawanda renders the single lock at that 
place inadequate to pass the boats and rafts from the river without 
great delay in many instances. The communicating basin is also too 
narrow. The lock should be doubled^and the basin enlarged. The 
plans for that work were prepared two years ago. The work was esti- 
mated to cost 160,000. 

At Lockport, the wall supporting the race-way above lock No. 70, on 
the south side, has bulged out toward the look by the action of the frost, 
and the leakage from the race is considerable. "While the movement 
is gradual, it renders the wall unsafe. About seventy-five (75) feet 
should be taken down and relaid. The cost of this repair is estimated 
at $1,800. 

For a table of locks, see report of Erie survey, annexed. 
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The above table gives general information concerning this class of 
structures ; they are all in working order, though some of them are in 
need of repairs to masonry and bulk-head. 

The stop-gate near Adam's Basin is built upon a soft red sandstone, 
through which the water finds its way when the gates are shut. The 
bottom should be concreted, and other repairs made. Estimated cost of 
repairs, $350. 

The Rochester stop-gate has been injured by boats striking the center 
pier, which is only a foot above water, and not easily seen. The east 
end of the pier has been thrown down. This requires repair, and at the 
same time a wooden structure should be built on the pier, high enough 
to be always visible, but so as not to interfere with tow lines. 

The distance from Lockport to the Medina stop-gate is nineteen and 
three-tenths (19 3-10) miles, averaging one hundred (100) feet in width, 
and seven and eight-tenths (7 8-10) feet in depth, all of which would 
be drained in case of a break occurring between these points. 

There should be three new stop'gates built on this section of canal, 
reducing the length exposed to any one break to six or seven miles. 
These could be built at an estimated cost of $6,000 each, and would 
serve to protect from damage, for which the State would be liable, a 
hundred times that amount of property. 
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Aqueducts. 

There are four (4) aquedacts on this division of the Erie canal, as 
follows : 
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The Medina aqueduct is in a veryleaky condition, and has received no 
repairs for several years. The water pours out of the joints from all 
points of this expensive structure. It will be necessary to take up the 
entire bottom of the canal over the aqueduct, and fill existing crevices 
with puddle and concrete. Parts of a previous structure, which are 
covered up, have doubtless increased the tendency to leak, and it may be 
necessary to remove some of these. A thorough repair of this structure 
is estimated to cost $1,500, and is recommended as of great importance. 
Some trifling repairs were made upon the berme wall adjoining, last 
spring, but these had no affect on the leakage. 

Waste-weibs. 

In the report of the Erie survey will be found a table descriptive of 
these structures. The spillways have generally been corrected to agree 
with proper elevation of weir, as given in this table. The Lockville 
weir is still several inches too high, but it was thought best not to 
reduce it until the leaks in the gates of locks Nos. 57 and 58 have been 
stopped. 

In addition to the weirs mentioned in the report, there is one on the 
tail-race leading from the Lockville Mills to the canal. The spillway of 
this weir is above regular water mark, and there are no gates. It con- 
sists of a timber* bulk-head ten feet long. Any water discharging at this 
weir is lost to the canal. It is intended for Ufce only when the canal is 
to be drawn off, and the water from the mills may not be allowed to 
enter the canal. 

The waste-weirs generally stand in need of thorough repairs. The 
valves are generally in a leaky condition, some of them refuse to close 
properly, and altogether a large amount of water is thus wasted. These 
should all be put in good order during the spring repairs. 
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The gates at Tonawanda dam have been repaired recently by the 
superintendent of section 1 1, at considerable expense. 

The waste-weif at Eagle Harbor formerly had three gates which were 
washed out several years ago, with the abutments, leaving only a por- 
tion of the spillway, a stone structure. This work should be restored. 
Without these gates there is no means of drawing off water for a dis- 
tance of eleven miles, from Albion to Medina. Estimated cost, $1,600. 

The waste-weir at Medina requires rebuilding as to the spillway wall, 
from which the cement has all washed out. The gates are in fair con- 
dition, having been repaired last spring. 

The masonry generally of the waste-weirs requires repointing. That 
at Carterville, a very high structure, is in a dangerous condition for 
want of attention to this matter. 

At Mabee's the looseness of the joints allowed the water to find its 
way behind the masonry, nearly resulting in washing away the bank. 
The injury was discovered in time, however, to prevent a serious break. 

Bbidges. 

There are 220 State bridges on the Erie canal, western division, dis- 
tributed as follows : 
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Additional to the above are 62 wooden bridges over State ditches 
connected with the Erie canal, as follows: On section 8, two (2) wooden 
bridges; on section 9, one (1) road bridge; on section 10, in Pendleton 
township, eight (8) road bridges and one (1) farm bridge, and on section 
11, in Wheatfield township, five (6) road and thirteen (13) farm bridges; 
in Tonawanda township, nine (9) road and thirteen (13) farm bridges. 
Of these, the most important are three Whipple truss bridges, in the 
village of Tonawanda, having 61 feet clear span; a few others are truss 
bridges of about 30 feet span, and the remainder are composed of tim- 
ber stringers merely. They are generally supported on pile or timber 
bents. 
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On section 8, No. 7, Barker's farm bridge has received extensive 
repairs, by splicing the ends of low^er chords, and replacing end braces 
with new, etc. This and other bridges have been rep^^red in floor plank 
and joists. Many of the bridges have been raised several inches, so as 
to clear 12 feet from the water surface, having been found to be too low. 

On section 9 the following bridges have been rebuilt during the year : 
No 48, Wapping; wood, with iron chords and iron floor beams. No. 
56, Cook's; wood, with iron chords. No. 62, Culvert street, Rochester; 
wood, with iron chords. No. 88, Scott's; wood, with iron chords. No. 
93, Finley's; wood, with iron chords, and No. 102, Crissey's; cast iron, 
from material saved from the old St. Paul street bridge, Rochester, and 
wrought-iron floor beams, new. Other bridges have I'eoeived the usual 
amount of repairs to floors and floor beams. 

On section 10 the following bridges have beten rebuilt during the 
year: No. 118, McGuire's; wood, with iron chords. No. 137, Hastings; 
cafet-iron arch and wrought-iron floor beams, from the material of the 
old Ferry street bridge, Buffalo. No. 143, town line; wood throughout, 
built by the superintendent without the concurrence of the engineer. 
No. 160, Cady's, Lockport; wood, with iron chords and iron floor beams. 
Nos. 166 and 167, wooden approaches over tow-pat)i and berme to Hea- 
cox and Hawley bridges. Other bridges have received the usual amount 
of repairs to floors and floor beams. 

On section 11, No. 171, Tonawanda creek tow-path bridge has been 
rebuilt in three (3) equal spans, wood, with iron chords; the last abut- 
ment was taken down, the foundation strengthened with additional 
piles and rebuilt in cement masonry. No. 172, Ransom Creek tow-path 
bridge; all wood; rebuilt by the superintendent without; the concurrence 
of the engineer. No. 177, Main street, Tonawanda; north abutment 
rebuilt and foundations strengthened by the superintendent, under the 
direction of the engineer, iron floor beams inserted and new floor laid. 
No. 179, Seymour street, Tonawanda, received new oak floor beams, 
joists and floor. Other bridges received the usual amount of repairs to 
floors and floor beams. 

The Pine street bridge at Lockport remains as at the date of the last 
report. It should be replaced by a wrought-iron structure. The same 
is true of the Prime street bridge, Buffalo. 

The York street change bridge, and the tow-path bridges over slips 1 
and 3, must be rebuilt before the opening of navigation in 1878. The 
change bridge, No. 87, at Rochester, must also be rebuilt. Several farm 
bridges on section 8 are likely to fail within a year from this date. 

During the present season all the bridges over the Erie canal, on the 
western division, have been inspected minutely and measured carefully 
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in all their details. Many defects have thus been discovered and cor- 
rected, and the bridges are believed to be in better condition in conse^ 
quence than ever before. All the measurements taken have been 
recorded in a book specially provided for that purpose, which forms a 
permanent bridge record. From this record the following table of 
bridges has been prepared, exhibiting the number and character of all 
the canal bridges at the present date. 
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Gbinesbb Valley Canal. 

The Genesee Valley canal, from its junction with the Erie at Roch- 
ester, to its terminus, near Mill Grove, on the Allegany river, is 113^ 
miles long ; the Dansville Branch is eleven miles long; total, 124| miles. 

The principle sources of water supply are the Oil Creek reservoir, and 
the Ischua reservoir on the Summit level, the Rockville reservoir and 
the Genesee river, at Oramel and Mount Morris. 

The Oil Creek reservoir has an area of about 800 acres embraced 
within the blue line. The dam is about 2,200 feet long and twenty 
feet wide on top. It is about sixty-five feet high where it crosses the 
channel, and has a base of about 300 feet. The area of the water surface 
may be stated at 605 acres, with a mean depth of twenty feet. The 
storage capacity is reported at 527,214,000 cubic feet at full stage. 

There is a second dam to this reservoir across another channel which 
is used as the outlet for surplus water, and is provided with a spillway, 
built of cement masonry. A portion of this was torn down maliciously 
two years ago, and was repaired with brush and stone, and fin- 
ished about three feet lower than before, thus reducing the storage 
capacity of the reservoir on a mean area of 580 acres by 75,794,400 
cubic feet, or fourteen per cent of the total capacity. The spillway may 
be restored to its original hight for about $1,600. 

The original reservoir which was (9) nine feet lower than 

the present one, was con^pleted in 1859, at a cost of . . . . $69,100 45 

During 1863, '4, '5, work was done to raise the water 

three (3) feet, at a cost of 7,580 06 

From 1868 to 1872, inclusive, work was done to raise the 

water six (6) feet additional, at a cost of 131 ,611 94 

The total cost of reservoir therefore has been $208^,292 45 

without including land damage or repairs since 1872. 

The Ischua reservoir was originally an old Mill pond which with its 
dam was appropriated by the State in 1858. 

At that time the feeder was completed 2.91 miles long at a 

cost of $87,827 81 

And the feeder aqueduct at a cost of 5 , 082 66 

Original cost ; total $42,910 47 

In 1864, '5, there was expended in building a new dam, 
which was four (4) feet higher than the old one, and 

repairing feeder . . .* .• 7 , 261 10 

In 1868, two spans of the aqueduct were rebuilt, cost .... 8,316 31 

In 1869, the other four spans were rebuilt, cost 17,226 28 
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• * 

In 1869, '70, the dam was rebuilt with masonry abutments 

and the water raised an additional six (6) feet, cost. . . . $22,144 23 

At the same time the feeder was enlarged, cost 3 , 807 78 

Total cost up to 187JD $101 ,656 17 



The Ischua dam is 230 feet long between stone abutments, and is 
built of timber and plank. The hight of the crest above the bed of the 
stream is fifteen feet. The water at the crest level covers about eighty 
acres, with a mean depth of seven feet, giving a storage capacity of 
24,393,600 cubic feet. 

The constant fl^w of Ischua creek renders this a much more important 
, reservoir than its capacity indicates. The drainage area comprises 
about 67.700 acres. 

The blue line around the reservoir follows the contour three (3) feet 
above the crest and contains 107 acres. The feeder is three and .seven- 
teen one-hundredths miles long. The feeder aqueduct has a wooden 
trunk fourteen feet wide by twelve feet high, supported in nine (9) spans 
of forty (40) feet each, by trapezoidal cast-iron trusses of the Whipple pat- 
tern, resting on masonry piers and abutments. The hight of the trunk 
floor above Oil creek, which it crosses, is thirty-two feet. 

The Rockville reservoir was finished in 1843. It was let in connection 
with section 82, and no separate account of its cost is preserved. The 
final estimate was for $19,000, of which the reservoir probably cost 
$11,000. The engineer's estimate, before construction, was for $9,409.29. 
In 1854, a final estimate was made for construction of a new outlet, 
amounting to $5,767.07. In 1870, the outlet was improved and secured 
at a cost of $1,944.0^, making its total cost, in round numl^ers, $19,000. 

It has a dam twenty feet high, a water surface of seventy-two acres, 
and a capacity of 18,223,000 cubic feet. It is supplied from Black creek 
* having a drainage area of 15,563 acres. 

The river dam, at Mount Morris, was rebuilt with a stone abutment 
at the east end, in 1873, at a cost of $12,886.05. The cribbing and crest 
of the dam were repaired, in 1876, at an expense of about $3,500, and, 
in 1877, at a further expense of $1,500, making a total cost of about 
$1*8,000, to which should be added the cost of the west abutment, esti- 
mated at $6,000, giving a total cost of $24,000. 

The following dams have stone abutments: * 

Mill creek, at Dansville, sixty feet long. 

Canaseraga creek, 132.5 feet long. 

Allen's creek, Scottsville, 100 feet long. 

Wiscoy creek, 100 feet long. 
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All the above-mentioned works afford fine water-power, which will be 
very valuable after the abandonment of the canal, the surplus water 
being generally used for hydraulic purposes at the present time. 

There are nineteen aqueducts, most of which have cut stone abutments; 
thirty-one waste-weirs, generally with cut stone abutments; 119 culverts, 
several of them of cut stone; the most important being that over Big 
Black creek, in two arches of thirty feet span each. 

There are twenty-nine locks of cut stone, of which eleven are north 
of Mount Morris, one on the Dansville branch, twelve north, and five 
south of the Summit. There are seventy-one composite locks, five of 
rubble masonry, and eleven wocvien locks, making a total of 116 locks, 
of which four are guard-locks. The composite locks have cut stone 
wings. 

There are 220 bridges, of which eighteen are iron, one wood, with 
iron chord, at Hinsdale, and 201 wood. Of the latter, ninety-three are 
road, «inety six are farm, seven are tow-path, four are road and change 
bridges, and one a foot bridge. 

All the iron bridges and fifty-three of the wooden bridges rest on cut 
stone abutments, the remainder are generally supported on timber bents, 
on rubble stone foundations. 

For a more detailed account of structures, see last year's report, page 
185; also Canal Commissioners' report for 1876, page 167. 

The navigation of the Genesee Valley canal has been interrupted 
by several breaks during the present season. The most important one 
occurred in the tow-path bank, a little north of Portage aqueduct, June 
fifteenth, carrying away 1,500 cubic yards of material. It was repaired 
by the superintendent with brush and stone, at a cost of about $1,400, 
and navigation was resumed after a detention of two weeks. 

A scarcity of water was experienced on the Summit level during a 
portion of the month of September; otherwise the canal has furnished 
satisfactory navigation to those concerned. The amount of business * 
done, however, has been very small. 

The Chemung and Crooked Lake canals were transferred from the 
Middle to the Western Division by act of the Canal Board, January 3, 

1877. 

Chemung Canal. 

The Chemung canal has been open to navigation during the season, 
with the exception of a few slight detentions. The business has been 
very light, however, averaging little more than one boat a day. On 
this account the locks which are in an advanced state of decay have 
been made to last without any extensive repairs. The canal is navigable 
from Watkins to Horseheads, seventeen miles, and the feeder from 
thence to the dam, fourteen miles, and the Chemung river by slack- 
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water thence to Knoxville, two miles; total, thirty-three miles. The 
canal from Horseheads to Elmira^ six -miles, has been closed for some 
years. The canal was first opened to navigation in 1834. 

The river front at Corning being on slack-water, caused by the State 
dam, has been protected by a line of docking, built and maintained 
by the State. This docking is half a mile long and about nineteen feet 
high. An appropriation of $3,000 was made by the last Legislature to 
repair portions of the docking which is fast going to decay. The work 
will be done by the- superintendent, and will cost more than the sum 
named. 

There is on the canal one composite lock, with cut stone wings, all the 
rest are of wood, and nearly worthless. It is doubtful whether it will 
be possible to maintain navigation another year. 

There are four (4) iron bridges, on stone abutments. The remainder 
are of wood, a few built recently, but all of ^comparatively small value. 

CsooKEB Lake Canal. 

Thisjcanal, eight miles long, including one mile of lake navigation at 
Penn Yan, was opened to boats in 1834. It is now permanently closed, 
and, in some places, filled up, where bridges have failed. There are 
twenty-eight locks, including the guard-lock at Penn Yan, of which 
twelve are built of stone, and sixteen are composite. 

Enginebb Department. 

This department has been in charge of Wra. H. Searles, division engi- 
neer, during the year. The office of resident engineer was made vacant 
on the twenty-first of May, by the death of Byron M. Hanks, after a 
service of twenty-five years upon the canals. 

Thomas Evefshed was appointed resident engineer, and has held the 
office since June 12, 1877. 

Table No. 1 contains the names of the assistants employed on the 
division for the year, both on ordinary and extraordinary repairs, with 
the time of service and rate of compefnsation of each ; also, the inci- 
dental expenses of this office. 

Table No. 2 is an exhibit of the character and condition of the work 
under contract as extraordinary repairs during the year. 

Respectfully submitted. 

WM. H. SEARLES, 

Division Engineer^ W. D. 
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WESTERN DIVISION. 



REPORT ON ERIE SURVEY, 1876. 

i, Enginskb Dsp^rtmbnt, Wkstbbn DinsioN, ) 
RocHESTSB, N. Y., March 1, 1877. J 

Hon. John D. Van Burbn, Jr., StaU JBngineer ofid Surveyor: 

Sib. — Parsnant to act chapter 425, section 6, Laws of 1876, providing 
for a survey of the Erie canal, a corps of engineers was organized on 
this division in the month of Jnne last, under Mr. John Bisgood, assist- 
ant in charge. The State scow " ScoviU *' was obtained from Commis- 
sioner Jackson for the use of the corps, and was housed in and plainly 
famished, so as to make comfortable quarters for the men. An arrange- 
ment was made with Mr. Hathaway to furnish them with meals on 
board, his wife taking^charge of the culinary department. Every thing 
being in readiness, the scow was towed from Rochester to Clyde, and 
field operations were commenced at Clyde lock (No. 53), on the mornhig 
of Jnne 21st, 1876. 

Field Work. 

The object of the survey was to ascertain the actual condition of the 
tow-path, berme, prism and structures, and the depth of water through- 
out, for the purpose of deciding upon where and in what particulars the 
canal requires repairs. To this end th e distance from lock to lock wa 
measured with a 66 feet chain, along the front angle of the tow-path, 
making the east hollow quuin of each lock the starting point for the 
. level west of it. 

Cross-sections were taken at regular intervals (usually once in two 
chains), at right angles to the tow-path, by a sounding rod under water 
and by the leveling rod on tow-path and berme. A line of levels was 
run at the same time, by which the elevation of the water surface was 
.ascertained at each cross-section, and permanent benches were estab- 
lished on every important piece of masonry. The exact position of a 
bench on the coping was indicated by four cuts of a cold chisel, forming 
a figure about two iuches square, thus, jj a description of its position 

being recorded in the field books. I- ' • Benches were placed near 



the ' hollow quoin of each lock, on the wing of each bridge abutment, 
and on the coping of culverts, waste weirs, etc. 
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In this manner the suryey proceeded regularly from Clyde lock to the 
guard lock at Black Rock, which was reached on the seventeenth of 
October, having occupied nearly 17 weeks, but fully 14 days of this time 
were lost by the prevalence of high winds, which made it impossible to 
use the level with any assurance of accuracy. 

The total distance chained is 11,457.48 chains, or 143.218 miles; the 
number of cross-sections taken is 5,509; the aggregate length of cross- 
sections measured is 661,616 feet, and the total number o^ soundings is 
71,882; the number of benches established is 243. The corps then 
returned to Rochester, stopping at various places to take a few supple- 
mentary measurements, and more particularly to note the velocity of 
the current at certain points. For this purpose a wooden float of sea- 
soned "^hite pine, 2 inches diameter, was provided, having a tin tube 
attached to the lower end, and filled with shot to sink it to the proper 
depth and* keep it in a vertical position. It was immersed six feet and 
projected a few inches above the surface of the water. It was placed 
in the channel, and the time of its passage over measured distances 
noted. The distances varied in different experiments from 5 to 40 chains. 
» The corps reached Rochester on October twenty-first, and was dis- 
banded, and the scow was returned to the custody of the superintendent 
of the Genesee Valley canal. Several members of the corps were retained 

for office work. 

Test Levels. 

During the progress of the survey, a leveling party of two was sent 

out to test the benches established, and after the close of the survey 

proper, a second party of two was detailed for the same duty. These 

parties, owing to the lateness of the season, were very much troubled 

with the high winds which prevailed, especially on the western end of 

the division. Scarcely a day was entirely free from wind moving at the 

rate of from twelve to twenty miles an hour. After many vexatious 

delays from this cause, the test levels were finally completed, ^and the 

gentlemen so engaged returned to work in this office. The result of 

their labors are entirely satisfactory, showing a high degree of accuracy 

with levels. 

PiiOBABLE Elevations. 

Neither the first nor last running has been adopted as correct, but the 
probable elevation has been deduced from all the notes taken. In fifty- 
seven instances, the difference of level between two consecutive benches 
has been taken three times (including the survey levels), and in two 
instances we have the results of four runnings, and in still two othel's 
of five runnings between consecutive benches, from which was deduced 
Ihe most probable difference of lev«el, giving proper weight to each 
observed difference. The result shows that the greatest probable error, 
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in the difference of level of any two consecutiva benches on the division, 
is .015, which occurs but once. The probable error of ,014 occurs Ave 
times; .013 occurs four times; .012 occurs twice; .011 occurs twice, and 
.010 occurs four times. The average probable error, in the difference of 
elevation of consecutive benches, is a little less than .004. 

Having determined the probable value of all the differences of eleva- 
tion of consecutive benches, the elevation of the bench at Clyde was 
assumed fromlthe old profiles at 397.^09 above tide, and from this the 
elevation of all the other benches was easily computed. By this pro- 
cess, the probable elevation of the bench on the Rochester aqueduct 
was found to be 608.28'7, with a probable error of + .026, and differing 
.125 from the result of the first levels taken on the survey. The proba- 
ble elevation of the bench on lock 67 (Lockport) was found to be 
522.352, with a probable error of + .002, though differing from the 
elevation given on the first running by .389, which is the greatest varia- 
tion that occurs between the probable elevation of any bench, and its 
elevation as given by the first levels taken on the survey. Finally, at 
Black Rock, the bench on the guard-lock, at the upper hollow quoin on 
the south (east) side was founa to have a probable elevation of 574.152, 
with a probable error of -t .044, and differing from the elevation given 
by first Hue of levels by .181. 

Subsequently a correction of + 1.440 was received from the eastern 
division, and i- .422 from the middle division, making a total of 
+ 1.862, which applied to the elevation of the Clyde lock bench, as 
found by survey of the middle division (397.172), gives the corrected 
elevation of 399.034 for that bench. 

As this is 1.625 higher than the assumed elevation of 397.609, which 
was used as the basis of survey on the western division, it became neces- 
sary to add 1.626 to all our elevations. 

This makes the probable elevation of the Rochester aqueduct bench 
609.812 ;• of the lock 67 bench, 623.877, and of the Black Rock guard- 
lock bench, 676.677 above mean low tide at Albany. The table of 
benches, presented herewith, contains the elevations as originally taken, 
and also the probable elevations resulting from corrections for test levels 
and change of datum. All other elevations, given in this report, are 
the finally corrected elevations. • 

The surface of Lake Erie, as it stood October 17, 1876, is found to be 
(664.86, first survey, 1816) 672.926 above mean low tide at Albany. 

The surface of the lake is subject to considerable fluctuations, amount- 
ing, frequently, to one or two feet, and sometimes to as much as five or 
six feet at Buffalo. 

At the date named it was about 1.25 above what is considered the 
ordinary stage, which would make the latter 571.68 above datum. 
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Establishment op Grades. ' . 

On each level, east of Rochester, the grade of the bottom is assumed 
to be level and to coincide with the higher one of the two lower mitre- 
sills in the lock at the west end of the level. The difference in the 
elevation of lower mitre-sills, in the same lock, varies from .020 to .310, 
as To^j be seen in the table of locks, so that it became necessary to 
select the higher one in determing^ grade. 

All grades of the bottom, west of Rochester, have a detcent eastward, 
as shown on the accompanying profile, and in the table of grades and 
surface descent. These grades have been selected after a careful con- 
sideration of all the conditions involved, and while they agree with the 
average bottom of the canal, and with the sills of stop-gates and other 
structures, are sufficiently below the water surface at every point, not 
merely to float boats, but to afford the necessary area of water-way to 
pass or discharge the volume of water requisite to maintain navigation 
at all points below. 

PROFILES. 

The profiles are drawn to a horizontal scale of 40 chains to an inch, 
and a vertical scale of 3 feet to an inch, thus magnifying the bights, 
relatively, 880 times, and clearly showing variations of one-tenth *of a 
foot. 

The red line indicates the grade of the bottom; the yellow line the 
grade of the tow-path, and the blue full line the grade of the water 
surface. 

The lower shaded line indicates the bottom of the canal on a line 40 
feet distant from the front angle of the tow-path; the unshaded line 
indicates the bottom of the canal on a line generally 15 feet from the 
front angle; but in cases of vertical wall, on tow-path side, only 8 feet 
from front angle, and in case of slopes flatter than 1^ to 1, at a point 
over the intersection of slope and grade. 

The upper shaded line is the profile of the center of the tow-path, and 
the dotted blue line is the surface of w^-ter, as found in survey, except 
between Rochester and Holley, where the surface found, during the 
taking of test levels, is substituted therefor. 

The lifts of the locks are not graphically represented, except at Black 
Rock. 

It is evident, at a glance, that the center of the canal is generally 
below grade, and in no place projects much above it, while near the 
angle of the prism there is almost uniformly an accumulation of mud 
of variable thickness, much of which may, with advantage to navigation, 
be removed. 

No profile of the bottom over the berme angle has been made. It 

14 
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i^ould only differ from the unshaded line in showing, as a rule, a some- 
what greater accumulation of sediment. The berme bank is shown in 
profile on embankment only. The ridge line, or line of highest ground, 
is represented by the black line, while the yellow line shows the hight 
required by law and for safety. 

The profile of the berme is given on a separate sheet from the gthers 
to avoid confusion. The profiles represent every section measured on 
4;he survey, and are, therefore, a complete and accurate exhibit of the 
present condition of the canal, so far as the lines represented are con- 
cerned. 

It is proper to remark that the dotted blue line is not a profile of the 

actual water surface at any one time, but of the water as it was found 

from day to day, and from point to point, whether high or low, as the 

survey proceeded. 

Cboss-sections. 

The cross-sections of the canal taken on the survey have been referred 
in plotting to the grades shown on the accompanying profile. The hori- 
zontal scale for the cross-sections is taken at twenty feet per inch, while 
the vertical scale is taken at five feet per inch, thus magnifying the 
bights relatively four times, and rendering distinct to the eye the 
amounts by which the actual bottom differs from grade. 

The width of the canal is found to be extremely variable, even some- 
times in adjacent sections, and, as a whole, it cannot be said to conform 
to established regulations either in top width, bottom width or slopes. 
Since, however, the sides are generally lined with vertical or slope wall, 
it has been considered better to assume the widths of the sections, as 
now found, rather than to represent the regulation widths and slopes, 
since the red lines so drawn would indicate a large and very unnecessary 
amount of work to be done. The slope lines then have been* drawn so 
as to show the amount of material necessary to be removed in order to 
put the canal in the best condition possible under the circumstances. 

The blue line across the sections shows the proper surface of water, 
not the surface found at the date of survey. 

The sections show also the present condition of the tow-path and 
berme banks, which, in many places, are much too low and require 
immediate repairs. The yellow line shows the section of proposed 
repairs. 

Where the tow-path is on the north side of the canal, it appears on 
' the left side of the page, and vice versa. 

The horizontal measurements of the cross-section extend in either 
direction from the line of survey along the front angle of the tow-path, 
which is placed in the line marked or 80 as the case may require. 

The cross-sections have been taken in some parts of the canal at every 



OK THE Canals of the State. 211 

chain; 'in others, where the canal was in better condition, only once in 
three or four chains, but generally at every two (2) chains. 

Between Tonawanda and Black Rock they were taken only once in ten 
chains. All cross-sections surveyed have been plotted in the books pro- 
vided for the purpose. 

The notes received from the Middle Division for the canal between 
Wayne county line and Clyde, are made for every chain, but as the odd 
stations are found generally to be copies, of the even stations, they were 
not plotted when such was the case. 

The material of the bottom is not indicated in these sections, because 
it was found impossible to determine its character with any satisfaction 
or certainty, in the limited time allowed for the survey, incorrect infor- 
mation being considered worse than none. The original sections and 
final estimates in the possession of this department show the kind of 
material in every case, and may be used for that purpose. 

Gbades between Black Rock and Lockpoet. 

By reference to the profile and table of grades and surface descent, it 
will be seen that, beginning at Black Rock, on the lower miter-sill of 
the guard-lock, the grade line has a descent of .08 per mile to Tona- 
wanda; thence a descent of .0144 per mile through Tonawanda creek 
and the canal, east of Pendleton, to Sulphur Spring guard-lock; thence 
a descent of .268 per mile to Murphy's culvert, near the head of the 
rock cut; thence a descent of .096 per mile to lock 71 at Lockport. 
There is a depth of nine feet on the grade from Black Rock to the Sul- 
phur Spring guard-lock, subject, however, to the fluctuations of Tona- 
wanda creek, and of 9.50 from Murphy's culvert to lock 71, the increased 
depth being intended to compensate in part for the narrowness of the 
canal through the rock cut. 

So far as I am aware, no grade and water surface has ever been estab- 
lished by the Canal Board for this portion oi the canal. The only reso- 
lutions existing are those of September 22d, 1849, and September 7th, 
1850, which provide for a "top water-line," 100 feet in width, between 
T6nawanda ci^eek and Sulphur Spring guard-lock, and 90 feet in width 
from thence to the rock cut, and a depth of eight feet in each case, and 
slopes of li to 1. 

The following abstract exhibits all that is said on the subject in the 
annual reports of past years. 
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From the above^ it appears that no attention was paid to the descent 
of the surface up to the year 1862, and the descent mentioned in the 
report of 1874 is somewhat arbitrarily assumed for lack of sufficient 
data. 

It also appears that the depth has always been nine feet or more 
between Black Rock and Lockport, subject to the fluctuations of the 
surface. 
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Act chapter 399, section 3, Laws of 1874, appropriated .$20,000 for 
deepening the canal an average of six inches below established grade, 
from "wide water" west of to^-path change bridge to east end of 
aqueduct. This work was done under resolution of Canal Boa,rd, July 
28, 1874, but "established grade" was not changed. The bottom of 
the aqueduct was lowered six inches also in the winter of 1874-75. 

The regulations of September, 1864, as shown in the above table, are 
the last on this subject, and are, therefore, in force at the present time. 
Reduced to elevations above tide- water, they become as follows: 

Table showing the elevations hy Erie survey of 1876, of the grade 
and water surface established hy ^esohdion of Canal Boards Sep- 
tember^ 1864. 



« 


Lockport. 
Lock 67. 


BOCHBSTXB AqUESUOT. 




ITEMS. 


West end. 


East end. 


Lock 66. 


Water earfeice elevation 


611.890 

503.890 

9.000 

4.140 

2.390 


507.750 

600.500 

7.250 

• • ■ • • • • 


507.750 

600.000 

7.750 

0.088 

0.333 


507.667 


Grade eleyation 


499.667 


Depth of water 

Descent of surface 


8.000 


Descent of grade 





The profile of the bottom shows that the canal has never been exca- 
vated fully to the old grade line thus established, especially on the 
western end of the grade. The *^ established grade " is above the present 
bottom of the Rochester aqueduct, and above the mitre-sills of th^ stop- 
gates at Adam's Basin and east of Holly. It is a broken grade, stepping 
down vertically at each end of the aqueduct and being unnecessarily 
steep east thereof. 

I have considered it important to have a uniform grade^ from lock 67 
to 66, low enough to conform as nearly as.may be to the bottom of the 
Rochester aqueduct and to the mitre-sills of stop-gates, and at the same 
time high enough to avoid unnecessary excavation in any future effort 
that may be made to reduce the botom of the canal to grade. The new 
grade line, shown on the profile, fulfills these conditions. 

It begins at a point one foot below the top of lower mitre-sill of lock 
67 and descends at a uniform rate of .048 per mile to lock 66, passing 
.062 above the bottom of the Rochester aqueduct and terminating .160 
below the breast wall of the new lock, but .010 above that of the old 
lock, No. 66. It passes .139 above the mitre-sill of stop-gate east of 
Holly, and .229 below the bottom of stop-gate west of that place, and 
.065 below the bottom of stop-gate east of Medina. The old grade is 
•250 lower than the new, at Lockport, crosses it at station 2712, near 
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Albion, is .282 above it at west end of Rochester aqueduct, .214 below 
it at the east end of aqueduct, and .437 below it at lock 66* The old 
grade is not shown on the profile, as it would only seif've to confuse. 

The proposed regulation depth of water, at lock 67, is 8 feet on grade, 
or 7 feet on the mitre-sill, but the surface line is not parallel to the 
grade, neither is its descent uniform, so that the depth of water on grade 
varies as we pass from Lockport to Rochester. From 8 feet, at Lock- 
port, it decreases to 7.675 at station 2500, near Hindsburgh, thence 
remains uniform to station 1600, at Cooley's Basin, and thence increases 
again to 7.710, at lock 66. 

While all the grades east of Rochester are level, a slight fall of the 
surface is allowed for, on the twelve-mile level between locks 69 and 
60, by raising the water to 7.165 on the lower mitre-sill of the*latter ; 
on the seventeen-mile level between locks 61 and 62 by raising the 
water to 7.343 on the lower mitre-sill of the latter, and on the short 
level between locks 62 and 63 by raising the water to 7.063 on the lower 
mitre-sill of the latter. 

Calculation op Surface Descent. 

The rate of surface descent, as given in this report, has been carefully 
calculated from point to point, due regard being paid to the actual size 
and shape of the canal prism through all its sections. 

The data used for this purpose are as follows : the required depth of 
water upon the grade line, the average area of the actual water-way 
due to that depth (determined by a calculation of the area of the actual 
cross-sections measured .on the survey), the mean value of the actual 
wet perimeters, and lastly, the required average discharge of water per 
fnini4te. 

The formula which I have employed is f=E^^^^and V=^ 

in which f =the fall of surface in feet per mile. 

A=area of water section in square feet. 

p= wet* perimeter in feet. 

V=:mean velocity in feet per. minute, and 

D=: discharge in cubic feet per minute. 
This formula I have deduced from the well-known formula of Eytel- 
wein. 

F= .000111415 |-v 2+0000242647 |v. 

in which F = fall of surface in feet per foot, 
and V = mean velocity in feet pef second. 
To obtain the value of the wet perimeter, I selected a number of sections 
whose mean area was equal to the mean area of all the sections taken 
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on the portion of canal under consideration, and having plotted these on 
a large scale, measured their wet perimeter. The area of each of these 
selected sections was then divided by its wet perimeter giving a certain 

ratio. The mean of these ratios was found, and the mean area of all 

« 

the sections divided by the mean ratio gave the mean wet perimeter 
required. 

The mean discharge is assumed so as to comply with the requirements 
of navigation after supplying all losses due to evaporation, filtration 
and properly constructed "weirs, but not open gates. 

The rate of descent being thus determined for a given average dis- 
charge of water, the discharge at the upper was assumed to be enough 
greater than the average, and at the lower end enough less to provide 
for the estimated losses by the way on the length of canal under con- 
sideration. While not strictly correct, this method is as close as the 
given data in the case, and answers every practical purpose. The theo- 
retical water surface so determined, becomes the standard level for the 
water, and the profile shows that the water in its fluctuations averages 
very nearly this standard, thus confirming roughly the correctness of 
these calculations. 

The first length of canal considered is from Black Rock to Tonawanda, 
7.86 miles, and since this is supplied from Lake Erie, there is no diffi- 
culty in keeping the surface at the standard level, and so providing the 
discharge required. 

The second length of canal considered is from Tonawanda to Pendle- 
ton (11.73 miles), in the 'bed of Tonawanda creek, and from Pendleton 
to Sulphur Spring guard-lock (1.52 miles), making together 13.25 miles. 

The surface descent through Tonawanda creek is nominal, and is not 
subject to control, except indirectly, by feeding at Black Rock. The 
water flows sometimes in one direction, and sometimes in the other, 
according to the stage of the creek at Pendleton. But during the sea- 
son of navigation there is a pretty general flow eastward, about as shown 
in the table. The increase of discharge shown at Tonawanda is an 
allowance made for the water coming from the creek and its tributaries. 

The third length of canal considered is from Sulphur Spring to Mur- 
phy's culvert, 2.45 miles, and the fourth, from the latter point to Lock- 
port, 2.73 miles. Owing to the change in form and size of section near 
the culvert, the surface takes a different descent as it passes that locality, 
but the supply of water is regulated at Sulphur Spring only. 

The velocity given the water by the descent fixed upon is somewhat 
in excess of half a mile per hour, both at Black Rock and Lockport, At 
Black Rock the velocity will not be materially changed from that here- 
tofore existing, when properly regulated, but between Sulphur Spring 
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and the Rock cut, from 1.05 to .68 miles per hour, a reduction of 65 per 
cent. At the same time, the discharge of water will be more than ample 
for all purposes of navigation, allowing for a waste of 2.950 cubic feet 
per minute at Lockport, and still haying 33,755 cubic feet per minute to 
supply the canal east of that place, which is slightly in excess of any 
amount that has heretofore been considered by canal engineers to be 
necessary to navigation at that point. 

Indeed the descent and consequent velocity and discharge might be 
still further reduced but for the fact that the water on the long grade 
below Lockport is subject to fluctuation by the force of the wind, so 
that it is prudent to have some surplus at command to use in case of 
necessity. If not needed the surplus will discharge itself by waste-weirs. 

The long grade between Lockport and Rochester has been divided 
into ten lengths of 6.25 miles each, for the purpose of determining the 
proper surface descent. Each length has been treated in the manner 
above described, by finding the actual average area and perimeter of 
water-way. The discharge on each length after the first evidently 
depends upon what quantity of water can be received from the preced- 
ing length, and therefore Could not be assumed at random. Due allow- 
ance was made for losses by filtration and evaporation, which were 
assumed to be at the rate of 190 cubic feet per mile per minute, and also 
for losses at the several waste-weirs after they shall have been properly 
repaired and graded. , 

The surface line thus found has a descent in the first, 6.25 miles from 
lock 67, of .068 feet per mile, but the descent gradually becomes less 
and less on the succeeding lengths, until, on the last one, at Rochester, 
it is only .028 feet per mile. These details are shown in full in the table 
of grades and surface descent, and by the full blue lines of the profiles. 
This blue line being obtained by purely theoretical considerations, 
grounded on the facts in the case, its general adherence to the actual 
water surface, shown by the dotted line, proves not only the correctness 
of these calculations, but the excellence of the formulas employed. 

The fact that the dotted line is below the full line from Middleport 
to Rochester is accounted for by the excessive loss of water which was 
permitted at various points from Lockport east. Were these losses pre- 
vented, there is no doubt but that the surface would coincide very 
closely with the blue line indicated, giving an increased depth of water 
with a decreased .velocity. 

It should.be noted here that in estimating the total fall of surface on ' 
the last 6.25 miles, the surface is assumed to be level alSng the wide 
water, a distance of twenty-nine chains, so that the total fall is .165= 
.00035 X (500-29). 
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The seventeen-mile and twelve-mile levels were each considered in two 
equal portions, but the surface descent was found to be so nearly identi- 
cal in the two halves, that an average grade uniform throughout each 
level has been assumed instead. The level (lock 63-62) just west of the 
seventeen-mile level has also been assigned a surface descent, in order 
that it may more surely afford the necessary supply of water. 

The levels east of lock 59 have so slight a descent that it has not been 
considered. " • 

The field work done by the middle division gives the mitre-sill of 
Clyde lock (53) .50 higher than the mitre-sill of Port Byron lock (52). 
We are therefore compelled to keep the water a half a foot higher, on 
this division, and in order to do so properly, the water should be kept 
at 7.50 on the mitre-sill at Port Byron. For this purpose it will be 
necessary to raise the flush-board on the Seneca River aqueduct three- 
tenths (.30), and the iJridge at Wayne county line nine-tenths (.90), it 
having always been too low. 

By the table of grades the amount of water passing lock 69 is shown 
to be 6,154 cubic feet per minute. The losses of all kinds between that 
look and the aqueduct are estimated to be 5,040, leaving 1,114 cubic 
feet per minute to pass over the spillway of the aqueduct. Allowing as 
much more to come from the east, gives a total of 2,228 cubic feet per 
minute. 

The spillway is 682 feet long, hence its depth below surface should be 
.086. Allowing for a fall of .01 per mile in eleven miles from Clyde, 
the surface at the aqueduct will be 392.074, less .110=391.964; and 
391.964 less .086=391 *878=proper elevation of spillway. Present eleva- 
tion (average) =3 9 1.5 78; difference=.300. 

Waste-weibs. 

The accompanying table of waste-weirs gives at one view nearly all 
the information required concerning these structures. There are twenty- 
, nine structures from which water may be discharged, including the State 
race at Lockport, three aqueducts and one weigh-lock. The total 
length of spillways is 1202.11 feet. The copings are set almost at 
random, and certainly without regard to any systematic profile, whatever. 
Some are so high that the water never reaches them, others are so low 
that the loss of waiter is extravagant. The total amount of water 
passing over the weirs in their present condition, when the canal is at 
proper stage, is about 17,000 cubic feet per minute, so far as ascertained, 
the taking of elevations having been omitted where the interrogation 
marks appear in the table. The figures in brackets [ ] are not included 
in this estimate, as they show what the discharge would be without 
flush-boards. 
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Were the weirs regulated as they should be, the loss would be about 
10.986, although some weirs would be active, which are not so at present. 
It is important that the weirs should be adjusted to their proper level, 
as they cannot regulate the surface when otherwise. 

There are 100 gates by which water may be discharged, having an 
aggregate area of 666.67 square feet and capable of discharging from a 
full canal 469,683 cubic feet per minute. 

The waste-weirs at Brighton and Newark discharge into the levels 
below them, so that the water is not lost to navigation. 

Mill Races and Dry Docks. 

At Lockport there is a race leading from the canal, above the locks, to 
the works of the Holly Manufacturing Company, but this water is 
returned to the canal below the locks. On the south side^ of the canal, 
at the same place, is a race used by the Hydraulic Company, which does 
not return all the water of the canal as required by law, a portion of it 
passing under the canal, by the culvert, west of Exchanjge street. The 
gates opening into the Holley race are 8 in number, 3 feet X 4 feet 4", 
having a combined area of 104 square feet. The gates opening to the 
south side race are 8 in number, 4', 6* X 4', and there is one other of 
the same size opening at once to a mill. The aggregate area of the 9 
gates is 162 square feet, which, added to the former, gives a total of 
266 square feet of outlet from the canal at this point, exclusive of the 
locks, or about half the average area of the canal in the rock cut. The 
dam across the creek, at Tonawanda, has not been included in the table 
of waste-weirs. Its crest is uneven, but is generally above the surface 
required for navigation. It has 12 waste gates, 4 feet by 5 feet, the 
total area being 240 square feet. These are intended to regulate the 
creek in time of flood. The water discharged from them passes almost 
directly into the Niagara river. 

There are two dry docks at Lockport, each having two outlet gates, 
^ 2^ X 3 feet, a total area of 30 square feet, with 12 feet head. They 
lead into the State race, a closed flume, which feeds a turbine in Cady's 
m\ll, with a head of about 20 feet from canal surface. 

In addition to these there is a " logway " passing along the side of 
the dry dock to the same mill, having one gate, 2^ X 3 feet wide, in its 
side, and terminating a flume 6 feet wide, with gates inaccessible to 
measurement. ' 

All these feed turbines in Cady's mill, and the water used, is lost to 
the canal. This mill has no other source of power than the canal. • The 
gates mentioned are controlled by the mill owner. There is a dry dock 
at Middleport, all the water passing through which is lost to the canal, 
and serves to drive mills on the creek below. * 
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The dry-docks at Rochester and Newark discharge there water into 
lower levels of the canal. 

Regulation op the Flow of Watbb. 

Up to the present time no permanent marks have ever been established 
to indicate the proper hight of the water surface, and as a consequence 
the regulation of the water has been a matter of guess-work, depending 
on the caprice of the person having it in charge at any point. Great 
fluctuations have been permitted, as though a flood sent down at one 
time woiild atone for a scarcity of water at another. 

It is proposed to establish on every lock-wall a definite horizontal line, 
cut with a cold-bhisel and painted above and below in two colors, which 
shall indicate the precise regulation hight of water surface at that point. 

Similar marks may be placed at other points on a long level. A scale 
of inches, numbered up and down from the surface mark, will indicate 
to boat captains and others the amount of deviation, if any, of the 
surface, from its proper stage. It will be the duty of the party in charge 
simply to keep the surface steadily at the water-mark, or to restore it 
to that stage should it be discovered to have fluctuated. 

A uniformity of water surface at the upper end of a level will of 
course insure uniform and sufficient depth of water and velocity of cur- 
rent throughout, unless affected by extraneous disturbances at other 
points. 

Since the western division of the canal is almost wholly dependent, on 
Lake Erie and Tonawanda creek for a supply of water, it is necessary 
that the water should flow steadily through the prism at such a velocity, 
that at all points, even to the eastern extremity of tile division, the 
canal may be at all times fully supplied.* On the other hand, it is equally 
essential to the interests of navigation that the velocity of current should 
be no greater than absolutely necessary to secure this end. The maxi- 
mum velocity of current should not exceed one-half mile per hour. 
This is a limit established by long experience, and in which both engi- 
neers and boatmen are agreed. 

The table of grades, etc., shows that the velocity between Black Rock 
and Lockport will be somewhat in excess of this limit, except in Tona- 
wanda creek, owing to the fact that the area of the canal is not sufficient 
to pass the requisite quantity of water at half a mile per hour. The 
average area in the rock-cut is 587 square feet of water, which will 
discharge only 25,828 cubic feet per minute at a velocity of half a mile 
per hour. To discharge 30,000 cubic feet^ per minute, at the same 
velocity, would require an additional area of 95 square feet, to secure 
which would cost not less than $60,000. Such an expenditure is not 
now recommended, of course. 
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It is desirable, however, to clean out the rock cut to the grade repre- 
sented on the profile, which will require the removal of about 20,000 
cubic yards of material, earth and rock, and will cost $15,000. This 
will increase the average area to 688.3 square feet. The evil of too 
rapid a current has been obvious on this division for yeai"S past. It 
grows out of the enormous and entirely gratuitous waste of water which 
is allowed at many waste- weirs, on the line and through several dry- 
docks. 

It is impossible to supply this waste and ns^aintain the canal at the 
same time without drawing the water through the prism at a high 
velocity, which seriously impedes western bound boats, and wears out 
their horses in the constant struggle to overcome its force. Even then 
the surface of the canal is frequently drawn down below its proper stage, 
especially in the dry season, when the demand for water outside of the 
canal becomes most pressing, resulting in the grounding of boats to 
their great injury when loaded, and with loss of much valuable time. 
The drain upon the canal, as is well known, is made for hydraulic pur- 
poses. The millers along the canal, from using merely the legitimate 
surplus after navigation is supplied, have come to insist that the canal 
shall have only the surplus after their mills are fully supplied. To 
accomplish this end, they do not hesitate to open the waste-gates when- 
ever and to whatever extent . it may suit their convenience to do so. 
Not only at night, and by stealth, but by day, and in the boldest manner, 
have they opened the gates and made way with the water to which they 
were in no wise entitled, for which they pay nothing to the State, and 
for lack of which the navigation of the canal suffers immeasurably. 

So open a violation of the laws enacted to protect the interests of 
navigation could not go unpunished except by the connivance or neglect 
of the of&cers and subordinates to whom the care of the water of the 
canal is intrusted. The control of the water in the rock cut west of 
Lockport has largely passed into the hands of the Hydraulic Company 
there organized, which manages the flow without much regard to the 
interest of navigation. The float measurement before referred to indi- 
cated a velocity in the rock cut varying from 84.26 to 108.20 feet per 
minute, or from .96 to 1.23 {say one and a-quarter) miles per hour,. 

The velocity of current between Sulphur Spring and Lockport may 
be perfectly regulated. Whenever the creek is at a higher stage than 
the elevation given to it on the profile, the mitre-gates of the guard-lock 
should be closed, and the water passed through the sluice-gates or 
paddles, which have an ar^a more than suflicient to supply the canal. 
The water may thus be controlled so as to keep it at its proper level 
just east of the guard-lock, and will flo^ at the velocity shown in the 
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table, unless it be unwarrantably drawn down to supply the race-ways 
at Lockport. 

To prevent this the control of the gates at Lockporf should be in the 
hands of a State officer, whose duty it should be to keep the water up to 
the regulation mark, not by increasing the flow indefinitely at Sulphur 
Spring, but by partially stopping the discharge at Lockport when neces- 
sary. It might be a better plan to establish submerged weirs across the 
raceways, so as to limit automatically the amount of water passing over 
them per minute. 

The flow of water east of Lockport depends ^r*^ upon the stage of the 
surface maintained at Lockport, and second, upon the quantity with- 
drawn from the canal at other points. The custom has been by raising 
the Lockport flush-board to keep a head of water at that point sufficient 
to compensate pretty generally for the losses taking place at points below, 
notably at Mabees, Johnson's creek, Middleport, Medina, Eagle Harbor, 
Albion, Brockport and Adam's basin. 27ie first step toward remedying 
this evil is to correct the grade of the spillways, according to the eleva- 
tions given in the table of waste-weirs, so that the automatic action of 
these regulators may be properly realized. ^Ihe second step is to close, 
lock and firmly secure all waste-gates, putting the keys in charge of the 
superintendent, or some officer by him appointed instead of leaving 
them in the hands of those whose whole interest it is to have the gates 
open as is now the case. TTie third step is to organize and maintain, 
under strict discipline, a strong police force, whose duty it shall be to 
patrol the canal day and night, by reliefs, and promptly arrest and 
bring to conviction any person violating the law in respect to opening 
gates, or otherwise taking water from the canal. It will then be pos- 
sible to keep the surface at Lockport at the proper hight, namely seven 
feet on the mitre-sill, and yet supply the canal perfectly at all points 
below. 

It must be remembered that the millers on the canal, and for miles north 
of it on the streams fed from the canal, are now a powerful and wealthy 
class of citizens, an3 can afford, and will pay, large sums of money to 
prevent in some way the water power being taken from them, which 
they now enjoy illegitimately, without cost to themselves, but at the 
expense of the canal and canal business. Hence, nothing but the most 
energetic and stringent policy will succeed in abolishing this vast abuse, 
which, if allowed to grow a few years longer, will completely destroy 
the canal as a highway for navigation, and convert it into a simple 
mill-race, maintained at the expense of the State for the benefit of a 
privileged few. 

A favorite method of securing immunity in the use of water by the 
millers has been to secur^ the appointment of their (jwn men, relatives 
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and friendsy to canal offices, an abuse which should be guarded against 
in the future, if the attempt to restore the canal to its legitimate uses 
and to protect the rights of those who pay toll upon it, is to be success- 
fully accomplished. 

RsPAiES OF Canal. 

The following estimates, based on the cross-sections of the survey^ 
have been worked out, with considerable detail, and are sufficiently close 
for a general estimate : 

They show that on this division there is required, 

For bottoming out 1225,228 90 

For repairing tow-path 64,711 10 

For repairing berme 5 , 684 77 

For repairing slope and vertical walls S2,074 00 

Total 1317,598 77 



The repair of tow-path and berme banks are considered to be of the 
first importance, as a precautionary measure against breaks. The repair 
of slope and vertical walls, and paving being incident thereto, should fte 
done at the same time. 

The portions of the canal most in need of bottoming out are: 

From county line to lock 63 $8,115 80 

From lock 64 to lock 65 5,773 25 

From lock 59 to lock 60 13,031 20 

From lock 61 to lock 62 ... T^ 17,950 10 

Adam's Basin, stop-gate to Hulberton bridge 31 ,695 00 

From Lockport to Pendleton 37,600 00 

Total $114,165 35 



From Murphy's culvert to Pendleton the canal passes through a cut- 
ting in quicksand material, which has washed into the prism in large 
quantities, and has greatly injured the walls of the canal. Thorough 
improvement of this part of the canal will be essential to navigation, and 
cannot be postponed very long. No estimate has been made upon 
repairs of structures, as these can be made from time to time, by the 
officers in charge, independently of the repairs to prism and banks. 

I desire to call attention, however, to the improvements .required in 
Sulphur Spring guard-loch There is but a single chamber • for the 
lockage of boats, whereas all the other locks are now double-chambered, 
except the river lock at Tonawanda. The pier forming one side of this 
chamber is so narrow that the balance beam of the gate overhangs it 
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cJonsiderable, and it is impossible for the gate to be worked, except by 
ropes and pulleys. It is on this account that these gates are left open, 
when the stage of water in the creek renders it proper to close them, 
and hence a great volume of water is allowed to rush through the rock 
cut which should b^ kept back. 

I propose that, until such time as it is thought best to double the lock, 
a platform be extended from the pier, supported by suitable braces, to 
enable the lock tenders to operate the gates in the usual manner. This 
repair should be made this spring before the opening of navigation. 

I have the honor to be, sir. 

Very respectfully, your obedient servant. 

WM. H. SEARLES, 

Division JEngineer, 
15 
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